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In the preparation of this text-book on Chemistry, it has 
been the design of the author to disencumber the subject 
of much detail, which is only of interest to the professional 
chemist, and at the same time to bring the illustration of the 
more important phenomena of the science within the reach 
of every school and every individual student. 

The most distinguished philosophers have not deemed it 
beneath their dignity to employ the simplest means of inves* 
tigation. The teacher will not be loth to take advantage of 
similar means in illustrating their discoveries. An important 
design of this work is to show how this object may be ac- 
complished, by fhe simple addition of a few test-tubes and a 
spirit lamp, to a list of chemical apparatus which may be 
found in every house. 

Among the other distinctive features of the work, are a 
more complete classification than usual according to chemi- 
cal analogies, the explanation of chemical phenomena in* 
ordinary language, as well as symbols, and the addition of 
a complete set of formulae in the Appendix. A number of 
recent and important discoveries are introduced, and the 
relations of Chemistry to the Arts and Agriculture, are es. 
pecially considered. 

The method adopted for the explanation of chemical phe- 
nomena, while it is believed to be more effectual in imparting 
the leading idea of all chemical reactions, leaves to the 

1 
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Student the useful exercise of constructing formuki. He 
is at the same time supplied in the Appendix with a com* 
plete control of his results. This part of the work contains 
in addition, numerous tables, and other supplementary mat- 
ter for the use of the more advanced student. The learner 
should not be required to burden his memory with numbers, 
expressing atomic weights, specific gravities, &c« It is a 
barren knowledge. A general survey of the tables, with 
reference to them for calculations, is sufficient. 

The language of the atomic theory has been rigorously 
adhered to throughout the work, as the best expression 
of our present knowledge of the constitution of matter. 
While it is liable to no objection which does not hold against 
the language of every department of Physics, its uniform 
employment has the great advantage of accustoming the mind 
to a conception which furnishes a probable explanation of the 
most obscure portions of the science. 

Several topics introduced in the chapters on Physics, are 
designed simply as introductory to other subjects, and are 
very briefly treated, in accordance with this design. 

Among the numerous authorities consulted in the prepa- 
ration of this work, the author would especially mention the 
works of Berzelius, Liebig, Gmelin, Gregory, Regnault, 
Payen, Graham, Silliman and Stockhardt. He would also 
take this opportunity of acknowledging the important aid 
extended by his able professional assistant, Dr. Robert A. 
Fisher, both in the execution of his design for a simplified 
course of experiment, and for valuable information in rela- 
tion to several processes of applied chemistry. 

BozM containing apparatnB and materials neatly pnt np to aecom- 
pany this work, may be ordered of J. F. Luhme, A Co., dealers in 
Chemical Apparatus and Pare Chemicals, No. 666 Broadway, New 
York. Price $800. 

The list embraces all the articles named on the last page of the work, 
with the exception of those marked with an asterisk, which may be 
prooured of any druggist 
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AccoBDiNG to the most ancient view of the constitn-^ 
tion of matter, the earth and all material things are but 
modifications of one and the same original substance. 
Fire, water, and air, were each in turn asserted to be 
the primitive element, according to the arbitrary con- 
jecture of philosophers who were bold enough to spec- 
ulate upon the subject. At a later date, the views of 
all seemed to be harmonized in ascribing the same 
dignity to the three contending elements, and including 
earth among the original varieties of matter. Earth, 
Air, Fire, and Water, were assumed to be the original 
materials out of which all forms of matter are produced. 

Modern chemistry has dethroned each of these ele- 
mental monarchs of the world, and distributed their 
prerogatives among a larger number. Earth, air, and 
water, are all excluded from the list of elements, and 
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fire appears in the modern view as only the transient 
attendant of chemical combination. 

Each one of the acknowledged elements has its own 
specific properties, affinities, and capacity of combina- 
tion. These peculiarities, and all resulting phenomena, 
it is the province of chemistry to investigate and ex- 
plain. Light, heat, and electricity, stand in intimate 
relation to all chemical action, either as cause or efiect, 
or unfailing attendant, and are therefore briefly consid- 
ered in the earlier part of the present work. 

The study of science has not for its object the mere 
gratification of an idle curiosity. Looking at the sub- 
ject from a material point of view alone, chemistry is 
one of the great agents in the transformation of nature, 
and its subjugation to the wants of man. The earth 
yields her treasure to its skillfully conducted processes, 
and even the trodden clay becomes converted in its 
crucible into shining metal. The arts draw from it, 
with every succeeding year, increased advantage, and 
the condition of mankind is elevated, and the world 
advanced by its progressive triumphs. Agriculture 
also is indebted to its discoveries. It opens to us mines 
of agricultural wealth in what would otherwise have 
passed for worthless refuse. It clothes exhausted fields 
with new fertility, by the addition of some failing con- 
stituent whose absence its subtle processes have de- 
. tected. It carefully investigates the laws and condi- 
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i^ns of vegetable growth, by which earth and air aie 
converted into food for man and beast, and thus places 
us on the highway of sure and rapid improvement. 

These practical results, which are the basis of that 
material prosperity in which taste, and literature, and 
the graces of life find their natural growth, are by no 
means to be disregarded. But this is not all. The 
study of chemical science reveals to the mind a beauty 
and harmony in the material world, to which the unin- 
structed eye is blind. It shows us all of the kingdoms 
of nature contributing to the growth of the tiniest plant, 
and feeding the germ, as it were, by the inter-revolution 
of their separate spheres. It shows us how through 
fire, or analogous decay, all forms of life are returned 
again to the kingdoms of nature, from which they were 
derived. Without encroaching upon the domains of 
the astronomer, it reveals to us still more wonderful 
relations of distant orbs, which affect not only the out- 
ward sense, but supply the very forces which we em- 
ploy in our contest with the powers of nature. It un- 
veils to us a thousand mysteries of cloud and rain, of 
frost and dew, of growth and decay, and unfolds the 
operation of those* silent yet irresistible forces which 
are the life of the world we inhabit. 

But the study of nature is worthy of being pursued 
^ith a still nobler aim. The glory of the Deity shines 
in every crystal and blooms in every flower. Every 
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atom is instinet with a life which the Creator has im- 
parted. The laws that govern minutest particles, as 
well as the grander revolutions of the heavenly spheres, 
are but the eippression of His will. The reverent study 
of nature is therefore a contemplation of Deity. Yague 
and unsatisfactory without the aid of another, and 
written revelation, it unfolds to the mind thus enlight- 
ened, new and exalting evidences of the infinite wis- 
dom and beneficence of the Creator of the world. 



■^v 
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^^^if^^ 1. The Sdence of Chemistry is of tlie 
ofJEariKAir, widest range. AiB, Eabth, Fire, and 
jrjrj,undWar Watkb, all belong to its domain. 

It informs us of the composition of the rocks which 
make up the mass of the Earth, and of the soil 
which forms its surface. It tells us of what Air is 
made, and how it supplies the wants of animal and 
vegetable life. It separates Water into gases, and re- 
produces it again by uniting them. It informs us of 
the nature of Fire, and of the changes which take 
place in combustion. 
_ 2. It tells us of what plants are formed, 

What of met' , , , ^ , , , 

ais,piafUs,and and what becomes of them when they 
^^^^ decay and disappear. It tells us how to 

produce metals from ores, wines from fruit, liquors 
from grain, and shows us the changes which take place 
in the formation of all these substances. Almost all 
transformations which occur in the materials around 
us, as, for example, of iron into rust, of wood or coal 
into gas, of food into flesh, it belongs to Chemistry to 
describe and explain. 

1* 
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„,^ , 3. As all of these changes result from 

Why does tt . . ^ . , " . , ^ 

treat of njtr the actiou of the minute particles of mat- 
*^*' ter on each other, it is necessary first to 

consider the subject of Atoms. 
Why of Beat 4, As the mostof them depend OH changes 

and light f ^ . . . ^ P 

of temperature, it is necessary m the first 
part of the work to consider the laws and eflfects of 
Heat. As these laws axe best understood firom their 
analogy to the laws of Light, and as Light has an import- 
ant influence in many chemical processes, a brief chapter 
on Light precedes the chapter on Heat and its various 
effects. 

6. As many, and perhaps all chemical 

Why uEleC' _ /» i- r- , . , 

trieity iniro- changes, are accompanied by electrical 
dvced! phenomena, it is also important to dwdl 

briefly on the subject of Electricity before proceeding 
to what is more strictly the science of Chemistry. 
The first part of this work is, therefore, devoted to the 
consideration of these subjects ; or, in other words, to 
the Science of Physics. 
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CHAPTER I. 

ATOMS AND ATTRACTION. 

Ofvthatu ^' Atoms. — All matter is supposed to be 

li€df"^W^ composed of exceedingly minute spherical 
Utaidof or spheroidal particles, which are held to- 
aiwM f gether by their mutual attraction, and are 

never themselves subdivided. These particles are com- 
monly called atoms. There is reason to believe that 
the atoms of different substances differ from each other 
in weight and perhaps in size. The belief that they 
are never subdivided is not based on their extreme 
minuteness, but on other grounds, to be mentioned 
hereafter. 

„ . , . 2. Minuteness of atoms.— Their mi- 
wuimuucfat' uuteness IS shown by the fact that a sin- 

its ^fragrant particles for years, without suffering any 
considerable loss of weight. The number of atoms it 
gives off during that time is beyond computation. 

4. Elements. — ^There are at least sixty 
Iwtrate an eU- different kinds of matter. Each kind which 
^"^^^ cannot be separated into other kinds is called 

an elementary substance, or simply an element. Iron 
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and carbon or charcoal are elements. Iron rust, on the 
other hand, is a compound. There are, of course, as 
many different kinds of atoms as there are of elements. 
,^ . ^ , 6. Cohesion.— The force which binds 

Whatit Coht- 

$um f Illut' together atoms of the same kind is called 
trc^ the iub- ^Yiq attraction of cohesion, or simply co- 
hesion. In the more tenacious substances, 
such as iron or copper, the force of cohesion is im- 
mense. The strength of a horse is insufficient, for ex- 
ample, to break an iron wire one^fourth of an inch in 
thickness. It is because in every section of the wire 
the atoms attract each other with a superior force. And, 
as we may easily imagine a thousand sections in every 
inch of the wire, we see that there is in every inch a 
force of attraction constantly exerted superior to the 
strength of a thousand horses. Attraction between im- 
like atoms in contact with each other, as between glue 
and the wood to which it is applied, is called adhesion. 
6. Gravitation. — ^Unlike the force of 
vittaiMiKt^r attraction mentioned in the preceding para- 
graph, gravitation acts at all distances. It 
is the reason of the weight of bodies, one body weigh- 
ing twice or three times as much as another, because it 
has twice or three times the quantity of matter to at- 
tract and be attracted by the earth. 

7. Chemical attbaction or ATriNirt. 
mieai Aitrae- The forco which Unites unlike atoms into 
^orAffini' compounds possessing new properties is 
called chemical aUradion or afimJty. Thm 
iron and oxygen unite by chemical attraction to form 
iron rust, a substance different fiom either. The 
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gajs chlorine and the metal sodium unite, as will be 
hereafter seen, to form common salt. When substances 
become thus united by chemical affinity, the resulting 
compound is not a mere mixture, with properties of 
both constituents, as when salt and sugar are mixed , 
it is, on the contrary, a new substance with properties 
of its own. 

8. Distance of attraction. — ^The forces 

Do the foreei ^ . _ , . •. -^v ^t 

of Cokenon of attraction above mentioned, with the ex- 
AMn^'!!^ ception of gravitation, act only at inuneasa- 
great dutan- rably small distances. Two plates of glass 
an inch apart do not attract each other ; even 
when brought into absolute contact they do not ad- 
here. But if powerfully pressed, the atoms are brought 
within the range of the force of cohesion, and cannot 
again be separated. So iron and oxygen will not attract 
each other from a distance, but when brought together, 
unite i|i consequence of their chemical attraction. 

9. The three kinds of attraction are per- 
three diferent fectly illustrated in a &Iling drop of wat^. 
^^a^L^ ^^ Affinity holds together the atoms of oxy- 
gen and hydrogen which make up each 

particle of water. Cohesion unites the particles of wa- 
ter thus formed, to make the drop, and gravitation 
causes the coherent drop to fall. 
^. , ,, 10. Thrkb states of matter. — ^There 

WhoA are the j. • a 

three statee of are three distinct states or conditions of 
^*^^^ matter — ^the solid, the liquid, and the gas- 

eous. Almost all substances may be made to assume 
each of these states. Thus, a piece of solid sulphur, 
if heated up to a certain point, melts and becomes 
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liquid. If the liqoid sulphur be exposed to a still higher 
temperature, it passes off in the form of a vapor or gas. 
11. Contact or . atoms. — ^The atoms 
Art aimM in ^f matter are not supposed to be in ab- 
What n the solute contact in either solids, liquids, 
rf^J^ % or gases. This is inferred from the fact 
cohenoninbo- that ail substauces may bo diminished in 

tUe$ f 

bulk by pressure. But in solid bodies the 
attraction of cohesion between the atoms is strongest, 
and they are more nearly and firmly bound together* 
In liquids, cohesion is less than in solids, and the atoms 
are farther separated. In gases, cohesion is entirely 
overcome, and but for gravity, the atoms would sepa- 
rate themselves indefinitely. 

Heat is the main cause of this difference in cohesion. 
This subject will be more fuUy considered in the chap- 
ter on Heat or Caloric* 

* The subject of Crystalluation belongs to Physics, and in a strictly 
scientific arrangement, would be considered in this plac«. The student 
vill find the most accessible illustrations of this subject in the Salts, 
which are considered later in the work, and it has therafore been in- 
troduced in the chapter which treats of these compounds. It is to be 
borne in mind that what is there said of crystallization, relates to other 
compounds and to elementary subttanoef, aa wdl as to salta 



LIOHT. 15 

CHAPTER n. 

LIGHT* 

_ , ^ 12. CmBMICAL ACTION OV LIOHT.— -Da* 

Jh what e<ue8 

does light act guerreotype pictures are {Hroduced by the 
chemically f chemical action of light. So light acts 
chemically in converting water and the carbonic acid 
of the air into vegetable matter. The action of light 
in these cases will be explained hereafter. The preflent 
chapter is devoted to the consideration of its nature and 
more important laws. 

13. Light is without weight. — Whil6 
toe^htf '*^^ ^^® effects of light, and the laws according 
to which they take place are well under- 
stood, philosophers differ with respect to its nature. It 
is, however, agreed that light is imponderable, or without 
weight, this being inferred from the fact that an illu- 
mined object weighs no more than the same object 
when unillumined. 
^, ,^ 14. Newton's theort.— Newton main- 

What is Netth . _, ,., ^., ,. 

ton's theory f tamed that light IS a nmd thmner or moie 
^t^l/Ji^ subtle than air, or any gas, but composed 
produced f like these of minute particles, constantly 
given off from the sun and all luminous objects. He 
supposed that it is this substance peissing into the eye 
that produces the sensation of sight, as the fine particles 
of fragrant matter, passing off from flowers, produces 
the sensation of smell. 

* This chapter is desigped solely as an introductioii to the subject of 
Heat The undulatory theory is therefore not particularly coniidered. 



16 u€«rT. 

15. Undulato»tthkobt. — JCnoiheT 
What it the yj^^ jg ^jj^j ^j^^ fl^jj above described does 

other vttfw of 

the nature of not pass from the sun and other luminous 
^ objects to the eye, but fills the space be- 

tween them and serves as a medium for producing the 
sensation of light, as the air does for producing sound. 

Iliuurate thie ^®* ^^^^ * ^®'^ ^^ struck its vibratious 
viewf are communicated to the air, and so to the 

ear, producing the effect of sound. So, according to the 
view of light last mentioned, vibrations are caused by 
some means in the sun and certain other bodies, which 
being rapidly transmitted through the fluid above men* 
tioned, produce, when they fall on the eye, the sensa- 
tion of light. 
_ . , 17. Existence of the supposed fluid. 

JSToio te thie « - ^ • i « • * - ■, 

4uid known, to Such a fluid as this theory requires is known 
:****'' to exist in the spaces between the heav- 

-enly bodies, by the influence which it exerts on their 
motions, and is supposed to pervade all substances, whe- 
ther solid, liquid or gaseous, occupying the spaces be- 
tween their particles. It is called ether, but has no re- 
latksn to the chemical and medicinal liquid of the same 
iname, 

18. For the explanation of the leading 
t^ vim ex- pbenomena of light, it matters little whici 
plain reflec- of the^views abovc mentioned is adopted 
Thus, it IS certainly true that light is re 
fleeted from mirrors, whether we suppose it a subtlr» 
fluid, and that its reflection is the glancing off of itL 
particles from the polished surface, as a ball thrown 
obliquely against the side of a house glances off from 
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it, or whether we suppose it to consist of vibratioiis, 
which are made to glance off as the vibrations of the 
air in the case of echoes. 

19. The first, or Newtonian theory, ena- 
Z^i^e % ^^®8 US to explain the leading facts more 
tlMNetponian simply and clearly, and is dierefore em- 
ployed in this work for this purpose. The 
definitions and laws of light are stated in the language 
of that theory. 

Whatitarav "^O. RaY Ain> ME]>n7M DEFINED. — ^A ray 

£1"^' it ^^ ^^8ht is a line of particles of UghL In 
w^eeu such rays or lines of particles, light is con- 

stantly passing off from all visible objects. From every 
part of the book before the student, for example, it 
passes into the eye, enabling him to know the nature 
of the object. If the book be taken into a dark room 
it is no longer visible, because it obtains no light which 
it may afterward reflect to the eye. 
WhatUame- ^ medium is any space or substance 
diwni through which l^ht passes. 

Give the laws ^l. Laws OF LIGHT.— The morc im- 
tf light f portant laws of the radiation of light are 
the following : 

1. Rays of light proceed from ev- 
ery point of luminous objects in every 
direction. They proceed, for exam- 
ple, from every point of the sun's sur- 
face 

2. They proceed in straight lines. Light, for example, 
comes to us in straight lines from the sun. 

3. They diverge as they proceed. This is illustrated 
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in the figure, the central point being suppoted to be 
a star or other source of light. 
„ , . , 22. Divergence or 

jExplaxn the « , ,. 

divergence of WGHT. — By the diver- 

. •^-y* «/ «^^. gence of rays of light 
is meant that they spread them- 
selves over more space, the further they proceed from 
their source. This is illustrated in the figure, where 
the light of a candle is represented as passing through 
a window, and illumining a larger space on the opposite 
wall. 

- . , , , 23. Law of divergence.— When the dis- 

Give the low of 

divergenee^and tauce is doubled, the surface that light 
iliuOratioM. ^-y ^^^^^ jg quadrupled. This is also 

illustrated in the figure. The wail being twice as far 
from the candle as the window, the light covers four 
times the surface. If the distance of the wall were 
three times that of the window, the surface covered 
would be nine times as large as the window ; if four 
times, the surface covered would be sixteen times as 
large. It is evident from these figures that the surfaces 
covered, increase as the squares of the distances. The 
light, of course, diminishes in intensity in the same 
proportion, as it is thus spread over greater surface. At 
four times the distance, it has only one*sixteenth the 
intensity, and so on. 

24. Reflection of light. — ^If a ball of 
ration of ivory or other material be thrown perpen 
light. dicularly against any hard plane surface, it 

will ref irn in the same line ; if it be thrown obliquely, 
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It will glance off with the same degree of ob- 
liqueness in the other direction. Light is re- 
flected from plane surfaces in the same manner. 
This reflection is illustrated in the figure, 
which represents a mirror, and a ray of light 
falling upon it and again reflected. 

25. Apparknt place changed bt re- 
f^ngl^of i^ FLECTION. — ^As WO alwajTs sccm to see an 
parent place object in the direction from which its rays 

Dv rejlectton, , . , . . , 

enter the eye, a mirror which changes the 
direction of the rays will change the apparent place 
of the object. Thus, if the rays of the sun fall oblique- 
ly upon a mirror, and are reflected to the eye, we shall 
seem to see the sun in the mirror, in the direction 
which the rays have acquired after reflection. 

26. Concave mirrors.—- 
J^^ mifZl O^ considering that rays are 
convert rays reflected from plane surfaces 

of lights . ^ ^ J r. -^ 

With the same degree of ob- 
liquity with which they fall upon them, *^ c^ 
we shall be able to comprehend how it is 
that concave mirrors have the property of converging 
rays of light, or bringing them together in a point. 

A number of small plane mirrors, situated obliquely 
toward each other, as represented in the figure, and as 
they might be arranged in a bowl or saucer, would 
evidently have this effect. As a concave mirror may 
be regarded as made up of innumerable plane mirrors, 
similarly arranged, it would obviously be productive of 
the same effect. 
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27. RsntAcnoR. — ^Re* 
]^^f^^ fraction is the change of 
direction which a ray expe- 
riences in passing obliquely from a rarer 
into a denser medium, or the reverse. "^ 

28. The figure represents a block of glass, 
■^^*'* <Ad gjj^ shows the direction w:hich a ray of 

light would take on entering and emerging 
from it. On entering, it makes a bend, and passes on 
through the glass less obliquely ; that is, more nearly in 
the direction of a line drawn perpendicularly to the sinr- 
face of the glass, and continued through it. On passing 
out again it would be bent away from such an imagina- 
ry perpendicular line, and re-assume its previous course. 

29. Another statement of the law. — 
Mtatement of As the perpendicular has only an imagina- 
^^/racUan. ^^ existence, it is perhaps easier to fix in 

the mind the changes of direction of rays 
passing in and out at regular surfaces thus : A ray, on 
entering a denser medium pursues within it a course fxur- 
ther from the nearest portion of the surface than its origi- 
nal course would be if continued. And a ray entering a 
rarer medium takes a course nearer the nearest portion of 
the surface than its original course would be if continued. 
These statements are true for all plane or uniformly 
curved surfaces: 

30. Illustration. — ^A 
^^^*^ ^ * coin placed ina tea-cup,as 

represented in the figure, 
so as to be barely concealed from the 
eye, will be rendered visible by filling the cup with water. 
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The surface of the water furnishes a point of transi- 
tion from a denser to a rarer medium, and the direction 
of the ray is thereby changed in accordance with the 
law above stated. It is thereby enabled to turn a cor- 
ner, as it were, and come to the eye. 
,^ ^ 31. Triangular prism. — ^Bearing the 

What effect _ , . ..,..„ ^ 

hoBaprismon rules last giveu m mmd, it will be readily 
arayofiigM ^^^^ ^y^^^ ^j^^ courso of a ray of light pass- 
ing through a prism must be such as is 
represented in the figure* The ray may 
be supposed to start from below or above 
the prism. The line of its passage through 
the glass will be the same in either case. 

32. Let us suppose it to pass upward 
^^^ '^ ^^^^ ^ ^^^ ^^ white paper or other object to 
the eye of an observer above. The appa- 
rent place of the object will be changed. It will be seen 
still beneath the prism, not where it actually is, but in 
the direction in which the ray points as it enters the 
eye. This experiment may be made equally well 
with the water prism described in the next paragraph. 
„ 33. Construction or a Prism. 

Bow wiAV n 

prism he can- The prism commonly used in 
struetedF optical experiments is of solid 
glass. In lack of this, its place may be rea- 
dily supplied by the water prism represented in the fig- 
ure. A strip of window glass is to be scratched with a 
file and broken into three pieces of equal length. These 
are set up, as represented in the figure upon another bit 
of glass previously warmed, and thickly covered with 
sealing wax. When the wax is cooled, and the bits 
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of glass which it holds will stand alone, the corners 
where they meet are also closed with sealing wax. 
The prism is then filled with water, taking care not to 
moisten the upper edges, and a glass top is afterward 
attached by wax. 

34. Action or the 
Simiain Oe j^^jf^^ — The property 

action of the * 

convex lent, which a convex lens pos- 
sesses of converging rays 
of light and heat, and bringing them 
together in a point, is also a consequence of refraction. 
All of the rays which fall upon its surface are bent, as 
shown in the case of the prism ; but, owing to its shape, 
they are bent in different degrees and directions, so that 
they all meet in a point. This point is intensely 
bright if brought on a dark object, and is called the 
focus. 
_ , . 36. There is another law of refraction 

Explain ano- 

ther law of which has Hot been stated, which is essen- 
refrMOion. ^j^j ^^ ^ ^^jj understanding of the convex 

lens. According to this law, the more obliquely a ray 
falls upon any surface the more it is refracted or bent out 
of its course. And it is a consequence of the shape of the 
lens, and its greater steepness toward the edge, that of 
all the parallel rays which fall upon its surface, those 
which fall furthest from the center fall most obliquely, 
and enter the air again more obliquely. In proportion, 
therefore, as they need to be bent to be brought to the 
focus, they are thus bent by the action of the lens. 

36. Analysis of light. — ^It has, up to 
ampoiedf^ this point, been assumed that light is sim- 
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pie in its nature, hut it may be proved by ezperimenf 
that every beam of white light such as we receive from 
the sun is made up of rays of different colors. 

How is its ^^' ^^^^ maybe done by holding a prism 

composition in the suu and al- 

proved F lowing the light 

^to pass through it and fall 
upon an opposite wall or^" 
screen. A beautiful parti-colored spot will be produced, 
called the solar spectrum. The beam of light which 
enters the prism is separated by it into rays of seven dif- 
ferent colors. The experiment, if performed in a dark 
room, into which light is admitted through a very small 
opening, is extremely beautiful. 

ffow does re- ^^' ^^^ ^V^y before entering the prism, 
fraction de- passing along together parallel with each 
compose %g ^^^^^ fojjjj ^hito light ; but ou entering 
the glass and emerging from it, each of them is 
refracted or bent out of its course in a different degree, 
and they are thus separated, and made to appear with 
their own colors. Why one ray is refracted more than 
another is not known. The above experiment proves 
it to be a fact, and this is all our knowledge on the 
subject. 

Bo lenses de- 39. LeNSES DECOMPOSE WHITE LIGHT 

compose ligM ^^p RECOMBINE THE RAYS. — This Separation 
of white light into colored rays occurs always when 
light passes through a prism ; but, for the sake of sim- 
plicity, this fact was left out of consideration in para- 
graph 29, the object in that place being simply to 
show the general direction of the light as it passes 
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Arough the jinsm. Such separation also occurs when 
light passes through a lens, but the different colored 
rays on emerging again from different points of the 
lens overlap each other, and are in great part united 
again to form white light 
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CHAPTER III. 

HEAT. 
Section 1. — Nature and Sources of Heat. 
Em heai 40. Nature OF HEAT. — ^It was remarked 

weighif 0%ve . ^ ' >- , . 

an illustration m the cdmmencement of the chapter on 
light, that philosophers, although acquainted with its 
facts and laws, differed in opinion as to its nature. The 
same is true of heat. It is agreed, however, that heat, 
like light, is imponderable, or without appreciable 
weight ; this being known from* the fact that' a heated 
body weighs no more than a cold one. 

41. If the end of a bar of iron is heated, the 
other end soon becomes hot. There is no doubt 
as to the effect, and it would seem that something 
must have passed from the fire, along through the 
rod to produce it. But we do not certainly know 
that any substance has been thus transmitted. It may 
be that heat is analogous to sound, and produced by 
vibrations. Being thus in doubt, we say that the na- 
ture of heat is not understood. 

42. Mechanical tiieort. — ^One view is 

State the me- _ , , /» . i • /• ^i_ 

ehanicai theo- that a Very subtlc fluid coming irom the 
^' fire has actually passed along through the 

mass of metal, and from that into the hand, and so 
caused the sensation of warmth or heat. And this 
supposed substance is called heat, or caloric. 

2 
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Whai u thf 43. Theory or Yibration. — ^Another 
l^wf *•' view, correspouding to the second view ol 
light, is, that heat is not a fluid, but, like light, the result 
of vibration in the ether which is every where present. 
The vibrations which produce the sensation of heat 
are, of course, different from those which produce that 
of light, as the movements of the Air which produce 
heavy and sharp sounds are different. We must sup- 
pose, indeed, in the former case, that a much greater 
difference exists. But it is assumed that both are the 
result of vibrations of some kind. 

44. Illustration. — ^When a bell is struck 
fy^cuVt^^^^ its vibrations are communicated to the air, 

and so to the ear, producing the effect of 
sound. So, according to this view, vibrations of a pe- 
culiar kind are caused by some means in the sun, and 
all sources of beat, and, being rapidly transmitted 
through the ether, produce, when they fall upon our 
bodies, the sensation of heat. The bar 'heated at 
one end becomes hot at the other, because certain vi- 
brations, originated in the fire, are gradually transmit- 
ted through the ether, and the iron which it pervades, 
to the other end. 

45. The facts are DEriNiTELT known. 

What is the _ , , ,. 

limit of our It may seem strange to the reader that 
the^^ect^'"'^ there should be this doubt in relation to so 
common a subject as heat. But there is a 
similar limit to our knowledge in most of the sciences. 
In physiology, for example, we know that muscle, and 
bone, and other parts of the body, are produced from 
the blood, and that life, or vital force, is essential to 
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fheir production ; but hovr the vital force operates we 
do not know. But, as in physiology this ignorance 
does not prevent us from comprehending the structure 
of the human body and the uses of its different oi^ansi 
so ignorance in relation to the nature of heat does not 
interfere with the acquisition of the most perfect knowl- 
edge of its effects, and the laws according to which 
they happen. 

46. The icechanical theory herb 
M adop^^ ADOPTED. — ^lu the present volume the for- 
^t« v)orkf jjj^gy Qf ^]jg views which have been men- 
tioned is adopted, and heat, like light, is 
assumed to be an exceedingly subtle imponderable fluid. 
To return to the example of the heated bar, it grows 
hot at the end farthest from the fire because the fluid 
actually passes through its solid substance, and is so 
communicated to the hand. 
,^ . 47. Definition of cold.— Cold is a 

Whatumeant - , . .^ . . 

£y the term relative term signifymg the comparative 
^^^ . absence of heat. But the coldest bodies 
which we know of, as ice, for example, contain heat, 
and may be made colder by its withdrawal. 

. 48. Sources of heat. — ^The principal 

cipal sources sources of heat are the sun and fixed stars, 
o/heaL chemical action, electricity, and friction. 

It is by no means certain that these should be distin- 
guished as different sources ; foir the heat of the sun 
may be due to chemical action, and electricity is, as 
we know, excited both by chemical action, and by 
friction. 
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Bmnm^kMi 49. QuANTITT OF HEAT THE SXJH 8Bm>«' 

does tM tun __, _ 

mnd to the TO THE EARTH. — The 8un senos enough 
••^' heat to the earth every year to melt a shell 

of ice enveloping the earth a hundred feet thick. This 
may be ascertained by observing what thickness the 
average heat of the sun will melt per minute, and then 
calculating the quantity for a year. The method ac- 
tually pursued is slightly different from this, but the 
same in principle. The sun, in fact, sends a laiger 
amount of heat to the earth than is above stated, but 
40 per cent, of it is absorbed by the atmosphere. The 
quantity above given is the remaining 60 per cent. 

60. Total quantity of heat the suh 
is given out b^ GIVES OUT. — Knowuig how much comes 
^a^ph^f^' to the earth and its atmosphere, it is easy 
to calculate how much starts from the sun. 
It is just in proportion to the extent of the whole visi- 
ble heavens, as seen from the sun, compared to the space 
occupied by the earth, as seen from the same point. 
By making the calculation it is ascertained that a 
quantity of heat is given out from the sun in a year 
which, if it all came to the earth, would melt a crust 
of ice nearly 4000 miles thick, or a quantity which 
would melt every minute a crust nearly thirty-seven 
feet in thickness. But the heat of a blast-furnace, 
if kept up constantly to the highest point, would melt 
but a little over the thickness of five feet of ice per min- 
ute. The sun's surface is, therefore, more than seven 
times as hot as the glowing surface of the fire of a 
blast-furnace. 
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Whai U Moid 61. HeAT OF THE FIXED STARS. ^The 

of the heat of ^ . ^ , , 

fo^stanf fixed Stars are suns of other systems, and 
sources of heat, like our own sun. And their number 
is so great, that notwithstanding their distance, they 
exert a very important effect on the temperature of 
the earth. It is estimated that they give us nearly «b 
much heat as the sun, and that without this addition to 
the sun's heat, neither animal nor vegetable life could 
exist upon the earth, 
^. , 62. Heat of chemical action anb 

Otve examples ___ _ ,. _ _ _ 

of heat pro- ELECTRICITY. — We shall SCO hereafter that 
i'J ^icH^ ^®^^ ^® evolved in almost all cases of che- 
and by eiectri- mical action. Indeed, the heat of our fires 
has this origin, as will be explained in an« 
other chapter. The heat of the lightning is devel- 
oped by electricity. 

Give examples ^3. HeAT FROM FRICTION. The heat 

^ ^^ ^^'^ produced by slight rubbing is sufficient to 
tion. set on fire a phosphorus match. Sir 

Humphrey Davy produced heat by friction between 
two pieces of ice. It is said that Indians produce fire 
by rubbing two sticks of wood together. Count Rum- 
ford caused water to boil by boring a cannon beneath its 
surface. These ax^ all cases of the production of heat 
by friction. 
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Section 2. — Communicatum of Heat. 

'64. Heat is communicated by concluction, convection^ 
and radiation. These thxee modes of communication 
will be considered in the order in which they are 
named. 

CX>NDUCnOK. 

Explain the 66. Conduction is the passage of heat 
e^l^ic^ton of through a body by communication from 
particle to particle. An iron wire, one 
end of which is held ' ^ — ' 

in a flame, soon grows q 

hotter at the other, by conduction of the heat of the 
flame. The progress of heat along a wire may be 
shown by fastening marbles to it with wax, as rep- 
resented in the figure, and then heating one end by a 
lamp. The marbles drop off successively, as the heat 
in its progress melts one bit of wax after the other. 
The communication of heat from one body to another 
in contact with it is also a case of conduction. 

^^ 66. When conduction ceases. — Con- 

eondueiion duction proceeds toward the cooler por- 
eeas^f ^j^^^^ ^^ ^ body until all its particles be- 

come equally hot, just as the absorption of water by a 
sponge continues until all its pores are filled. This 
point being reached, there is no tendency to further 
motion within the heated body. 
^, , 57. The metals are the best con- 

Whatntbstan^ , t j j 

eea are the best DucTORs.— The earths and wood conduct 
canduetarsf ^^^^ slowly j fijio fibrous substances, like 
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wool, cotton, fur, and feathers, slowest of all. Liquids 
and gases, as will be hereafter seen, are non-conduct- 
ors of heat. The superior conducting power of metals 
is shown in the rapidity with which an iron wire, one 
end of which is held in the flame of a lamp, grows hot 
at the other end. A splinter of wood,* or a pipe-stem, 
is heated from end to end much less rapidly, while 
scarcely any heat would be communicated along a roll 
of cotton cloth, one end of which was inflamed. 
„ , 68. Illustration. — ^The difference of 

Mow may the , , j , 

e<mdttcting couductmg powcr lu mctals and earths may 
JwlW/: ^e illustrated by fastening 
lustraiedf together by a wire, as repre- 
sented in the figure, an iron nail and a 
bit of pipe-stem of equal length, and 
heating them over a spirit lamp. The end of a match 
having been fastened with thread to each, it is found 
that the heat will travel along the nail and inflame 
the match at its end long before the other match is ig- 
nited. 

69. Protection from the central fire 
protected from OF THE EARTH. — We are protected from the 
^^th^efrthf ^^ntral heat of the earth by the non-con- 
ducting power of the rocks and soil which 
form its outer crust. So a crust forms after a time over 
the streams of lava which flow from volcanoes ; but, 
owing to its non-conducting power, the lava below re- 
mains liquid for years. 

60. Conduction from one body to an- 

I^o^Ze OTHER.— This takes place most rapidly 

pixiee moat ra- the 1310x6 perfect the contact between the 

^ two. Conduction from air or a gas to a 
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solid is slow, because the gas contains comparatively 
few atoms, and therefore furnishes few points of con- 
tact. Between a liquid and a solid it is more rapid, be- 
cause there are more. A cannon ball would grow hot 
much more rapidly in boiling water than in air of the 
same temperature. Between solid and solid, again, con- 
duction is less rapid, because the surfaces cannot so 
adapt themselves to each other, like liquid and solid, so 
as to bring all their atoms together. This paragraph 
refers solely to the passage of heat from the atoms of 
one surface into those of the other. The further con- 
duction of heat depends on the substance into which 
it has passed. 
^ 61. Heating water. — Water is sooner 

Why M water , , . , 

heated Mooner heated in an nron pot, or other metallic 
aaninT vesscl, than in one of porcelain, glass, or 
glass vessel f earthen- Ware, because the metal conducts 
the heat through from the fire more rapidly. Cooling, 
or the passage of heat outward when the vessel is re- 
moved from the fire, goes on more rapidly in the case 
of the metallic vessel for the same reason. These 
statements have reference only to vessels which are not 
polished. In the case of bright surfaces, another prin- 
ciple is involved to be considered hereafter. 

62. Clothing. — Fibrous substances, like 
s^ectZf do- wool, cotton, and furs are best adapted for 
^relcuionloheiu ^^^^^^^Sj because they are such poor con- ^ 
ductors, and beside, because they contain 
air shut in between their fibres, which is a non-con- 
ductor, as will be hereafter shown. The object of 
clothing is not to impart^ heat, but to prevent its escape 
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from the body. It escapes more or less through all 
substauces, but less rapidly through the fibrous materi- 
als just meationed, and therefore their superiority for 
winter clothing. If we lived in an atmosphere hotter 
than our bodies, the object of clothing would be to ex- 
clude heat, and the same non-conducting materials now 
used would be best adapted for this purpose also. 
Sometimes it is actually the object of clothing to keep 
out heat ; as, when workmen enter hot furnaces in cer- 
tain manufacturing processes. Thick clothing, of non- 
conducting materials, is obviously best in this case also* 
In summer, coarser fibre of linen, which is a better 
conductor than cotton or wool, is more used, because 
it conveys away the heat of the body more rapidly, as 
is desirable in the warmer season. 

63. Furs of animals. — We see, in 
DeUy varied what has been stated, the reason why the 
^i^^^r^"^ Deity has clothed animals inhabiting cold 
climates with fine furs. While the elephant 
of the torrid zone has but a few straggling hairs, the 
polar bear has a thick coat of fine fur to keep in his vi** 
tal heat, and enable him to endure the.extreme rigor 
of a northern climate. So the sea*fowl has a thick 
covering of soft down to protect him from the cold of 
the ocean, while the ostrich has an open coat of scanty 
feathers. 
„^- - 64. Wamcth or snow. — Snow keeps 

Whydoe9inow , , ..,.;, 

tend to keep the earth warmer m wmter than it would 

^t^nJi^IJ5 otherwise be, not because of any heat it 

imparts, but because, by reason of its low 

conducting pOwer^ and that of the air which it con- 

2* 
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tains, it prevents the escape of the heat which is stored 
in the earth from the previous summer. But for this 
indirect warming effect of the snow, the cold of a sin- 
gle winter would be sufficient to kill whole races of 
plants. Thus, the cold of the winter weavesa garment 
to protect the earth from its oWn influence. 
H<M do the ®^* BuiiiDiNO.— In building, the same 
prindplee o/ principles apply as in the case of clothing. 
J^lirSrjSi Bad conductors, when suitable in other 
o/inuiding9f respects, are the best materials for walls, 
making a house cooler in summer and warmer in 
winter. Wood and brick, for example, are in this 
respect better than iron. They keep out the heat 
in summer, and, though they have the same effect 
to exclude the heat of the sun's rays in winter, they 
more than make up for this by preventing the escape 
of the larger quantity of heat produced by the fires in- 
side. The inhabitants of the Arctic regions build their 
winter huts of snow, and thus make practical use of 
its low conducting power. Double doors and windows 
have more than a double effect in preventing the escape 
of heat in winter, because of the non-conducting wall 
of air between them. 

66. Refrigerators. — ^^Fhese are double- 

What is the „ _ , - 

pHnewU tV wallcdwooden box- 
"^uJof ^S' "s^d to preserve 
ftfrifferators f articles of food from 
the heat of the summer. The 
space between the double walls 
and top is filled with pulverized 
charcoal, which has in itself very little conducting 
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power, and again is non-conducting because of the air 
between the particles. 

67. PiRE-PRooF SATES. — ^Thcsc RTc constructcd on the 
same principle, the space be- 
tween the double walls being 
filled with gypsum, or some 
other non-conducting material. 
They are used as repositories 
of valuable papers and other 
property, for greater security in 
case of fire. 

How does eon- 68. SeNSATION OF HEAT. — ^A metallic 

t^'Zl^n^. door-knob feels colder than the wood to 
Hon of. heat f which it is fastened, although it cannot 
actually be so. It is because the metal is the best 
conductor, and carries off the heat of the hand more 
rapidly. If a piece of metal and wood be placed in a 
hot oven till both become equally hot, as they must 
by long exposure to the same heat, the metal will feel 
hotter than the wood. It is because the metal, by its 
greater conducting power, isupplies heat more rapidly 
to its own surface to be taken away by the hand. 

CHve a simple ^^' SiMPLE TEST OF CONDUOTING POWER. 

ust for deter- As a general rule, the colder a body, feels, 
7wtinff ^^ the better conductor it is. That this is 
of a body, generally the case is evident from the last 

paragraph. On applying this test, we find the me- 
tallic lamp-stand, cooler, and therefore a better con- 
ductor than the table cover on which it stands. In 
an ove^, or other place where the heat is greater than 
that of our bodies, the inference is reversed. For 
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the flow of heat would .be in this case into the hand, 
from this highly heated object, and the body that 
brought it fastest, or felt hottest, would be thereby 
proved to be the best conductor. 

. . 70. Liquids mon-conductors. — ^Water 

How can %t he . _ * » -i i « 

proved that li- ma tost-tubo may be boiled at the top 
c^^^«T* ^^^^^ ^^® frozen into the bottom wUl re- 
main unmelted. If a 
bar of metal with a cavity at the 
bottom for the ice were heated in 
the same way, the heat would be 
conducted downward so rapidly 
that the ice would soon disappear. 

71. FiHE ON WATER. — Firc may be 
kindled on water by pouring a little ether 
upon its surface and inflaming 
it. But the flame will be found 
to have slight effect on the 
temperature of the water. And, what lit- 
tle effect it has, is principally due to the 
fact that the glass or metal of the containing vessel 
carries the heat downward and distributes it to the 
liquid. When water is heated by a fire beneath it, it 
is not by conduction, but by another process, explained 
in a subsequent paragraph. The above experiment 
may be made in a tin cup very nearly filled with water. 
A tea-spoonful of ether having been poured on the water, 
the bottle is to be corked and set away, for fear of ex- 
plosion, from the kindling of the ether which it con- 
tains. The experiment, as described, is not in the 
least degree dangerous. 



.Explain the 
txpervTMnt 
tetth ether to 
prove that H- 
quids arenon- 
eonductort of 
heat. 
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CONVECTION. 

- , . , 72. It has been already shown that 

Explain how ,. ., , 

liquids became hquids Slid gases are non-conductors. 
heated. rpjj^jg implies that they cannot be heated, 

like a mass of metal or other solid, by communi- 
cation of heat from particle (o particle. Each parti* 
cle, on the contrary, receives its heat directly from the 
source of heat, and conveys it away, making room for 
others. HencQ the term convection. In the process of 
boiling water, for example, the first effect of the fire is 
to heat the lower layer of liquid, and thereby to expand 
and make it lighter. It then rises as a cork would in 
water, and gives place to another portion, which be* 
comes heated and rises* in its turn. Thus a circula- 
tion is commenced, the warmer portions ascending and 
the cooler descending, which continues until the water 
boils. Before this happens, each particle will have 
made •many circuits, accumulating heat with each re- 
turn, but not communicating it to others. Air and 
gases become heated in the same way. 

73. Convection made visible. — ^The 
circulation in circulation abovc described may be ren- 
S^6y £1^ dered visible by adding a little of the " flow- 
berenderedvis' ers of sulphur" to water , 5^&rv 

and then heatmg it m l^r^K. A 
a test-tube over a spirit lamp. The dS^ ^01 
suspended particles will be ifouud j? ^B 

to move in the direction indicated ^!^* ^ 

by the arrows, showing that the NJP^^ 
water has the same motion. The ' '"^ 
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upward current is not, it is to be remembered, because 
of any tendency of heat to rise. Heat, on the con- 
trary, travels in one direction as well as another. 
But it is, -as before explained, because hot tirater is 
lighter than cold. Dust of bituminous coal answers 
the purpose in this experiment still better than << flowers 
of sulphur." It is necessary to have something that 
will neither sink or swim, but remain suspended in 
the water. 

74. Heating rooms, — ^A room becomes 

How doet a , , - . , 

roam become heated by a stove m the same manner. 
heatedf rpj^^ ^ ^ immediate contact with the 

hot surface becomes heated and rises. Cooler air comes 
in from all sides to take its place, grow warm, and 
rise in turn. A circulation is thus . established pre- 
cisely similar to that which occurs in the flask, as rep- 
resented in the figure. Any light object, as a feather, 
or a flock of cotton-wool, held over a stove or an open 
flame, will prove by its ascent the existence of th§ up- 
WEurd ciurent. A smaller portion of heat is also com- 
municated by direct radiation, and by re-radiation, from 
the objects which first receive it. In the case of an 
open fire-place, this is the principal source of heat. 
„ • , 75. Convection in the heating of the 

How tithe at' . t- ., n , 

fnomhereheat- ATMOSPHERE. — ^Heat IS distributed through 
'^^ the earth's atmosphere in the same manner. 

At the equator, where the surface is hottest, the air 
heated by contact with it rises and flows off' toward the 
poles, while colder air from the polar regions flows in 
to take its place, to be he§!ted and rise in turn, contin- 
uing the circulation. But for this arrangement, the 
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equatorial regions, which are constantly receiving ex- 
cess of heat from the sun, wonld soon become unin- 
habitable from its accumulation, and the polar regions, 
from extreme cold. The currents or winds thus pro- 
duced are subject to great irregularities, which are con- 
sidered in works on Katural Philosophy, 
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76. The general laws of radiation 

What afo the , ' .. , i. i- •_. « 

iaw8 of the are the same for heat as for light. Rays 
^^^ 0/ q{ jjgg^^. diverge constantly from all points 
of the surface of all bodies, in straight 
lines and in every direction ; and the intensity of heat 
varies inversely as the square of the distance. The 
latter point is explained in the chapter on light. 

77. Heat js radiated from all bodies. 
fact thai heat It is to be observed that while* light pro- 
is '^'^^.J^ ceeds only from certain bodies, heat pro- 
fr<m hodiee. ceeds from all points of all bodies without 
exception. If the mercury in a thermometer were fro- 
zen by extreme cold, and then hung in a cavity made 
for the purpose in a block of ice, radiation of heat from 
the ice would melt it, even if there were no air in the 
cavity to help melt it by conduction. 
78. Proportion of radiation to tem- 

What 'can be r»^, , • ^i_ 

Moidofthepro- PERATURE. — The hottcr a Stove is the more 
^hH^ot^ heat it gives out. This is obvious, and we 
peraiuref might naturally suppose that a stove twice 
as hot as another stove, compared with other objectn 
about it, would give out heat just twice as fast. It. 
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gives out heat, in fact, more than twice as fast, the ra- 
pidity of radiation being more than in proportion to the 
temperature, 
--y- ^ ,. 79. Polish is vixtayokablj^ to radia* 

What are the ^ 

efeet9(^rouffh tion. — A coffee-pot of well brightened 
li^a^J^-^ metal will keep its contents hot much bet- 
diatianf t^r than a dingy, blackened one, thus re- 

warding the housewife for her pains. The brightness 
is not the cause of this eflFect. It is owing to the fact 
that polished surfaces are more dense, and dense sur- 
faces do not allow heat to pass readily. But if the pol- 
ished coffee-pot be covered with muslin so as to give it 
a less dense surface, radiation and consequent cooling 
will proceed more rapidly again. One would think 
that the polished surface beneath the cloth would have 
the same effect in retaining the heat as before, and that 
the cloth would still further retard its escape ; but ex- 
periment proves that this is not the case. Radiation 
depends on the surface, without regard to what is be- 
neath it, and the superiority of the cloth as a radiator 
is more than sufficient to make up for its non-conduct- 
ing influence. Rough uncompact surfaces, generally, 
radiate well. High priish being unfavorable to radia- 
tion, stoves should not be too highly polished. The 
high polish of. soldiers' helmets makes them much 
cooler than if they were made of tjull metal. 
„„ ^ 80. Color does not affect radiation.— 

WTiai effect 

hae color on A black coat wastes no more of the heat 
raoiaitonf ^^ ^j^^ hodij by radiation than a white one. 
Except in the direct rays of the sun, one is just as 
warm as the other. But the former absorbs and imparts 
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k> the body more of the heat which comes to it asso* 
dated with intense light, as is the case with the heat 
of the sun, and therefore its advantage as an article of 
winter clothing. 

What ia taid 81. TRANSMISSION. — The heat of the sun 
of the tran%' passes through all transparent bodies with 

mtmonofheat f ...... . %^ -, n 

through bod- Dut slight diminution. But heat from less 
*^*^ intense sources is absorbed, and in large 

part stopped by many substances which allow light to 
pass ; such are water, and alum, and glass to a less ex- 
tent. A glass plate held between one's face and the sun 
will not protect it, but held before the fire will intercept 
a large part of the heat. So a glass lens or burning- 
glass will stop the heat of a fire, instead of transmitting 
and concentrating its rays, as it does those of the sun. 
It is a singular fact, on the other hand, that many sub- 
stances which stop the light, transmit heat very per- 
fectly. Such are black glass and smoked quartz crystal. 
Rock salt allows heat to pass so completely that it has 
been called the glass ofheai. 

^^ 82. Reflection of heat. — ^Polished 

are the best re- nictallic surfaces are the best reflectors. 

m^T^^he ^^^^® ^^^^^ ^^"g^^ ^^ ^^^^ ^^ ^ hnghx cof- 
mbjeet. fee-pot, because the hiSat is reflected from 

the bright surface and does not enter the liquid. If it 
were desired to heat a liquid as rapidly as possible, and 
keep it hot as long as possible in the same vessel, it 
would be wise to take a dingy one for the rapid heat- 
ing of the liquid, and then to polish it in order to fasten 
the heat in. Glass mirrors do not reflect heat so well 
a3 those of uncovered metal, because of the absorbing 
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power of the glass, mentioned in the last paragraph. 
But this absorbing power is very slight for heat which 
comes from an intense source like the sun, so that such 
mirrors reflect the solar heat quite perfectly, 
uri ^ X J- 82. Absorption of heat. — Surfaces are 

What bodies 

absorb heat good absorbers, in proportion as they are 

bet^ f 

poor reflectors. All the heat that falls on 
any surface, must be either reflected or absorbed. In 
proportion, therefore, as little is reflected much is ab- 
sorbed. 
83. Absorption continued. — ^Dark cloth- 

What effect 

has color on ing is Warmer than that of light color, for 
^Wi^/*'"'^ the reason, that heat associated with light 
seems to follow the laws of the latter and 
undergo absorption or reflection with it. Now we know 
that dark objects owe their dark color to the fact that they 
absorb much light, and reflect but little to the eye. Ex- 
periment shows that they absorb much heat also, if the 
heat be associated with light. The absorbed light must 
show the way, as it were, for the entrance of the heat. 
Dr. Franklin proved what has been stated, by the ob- • 
servation that when diffierent colored cloths are spread 
upon snow, it melt%most rapidly under those which are 
darkest. 

. ^ f 84. ElqUILIBRIUM OF TEMPERATURE.-^ 

brium of tern- It has before been stated that heat is con- 
Sr/'^'**''" stantly radiated from all bodies. Absorp- 
tion of heat, is also universal. If any num- 
ber of bodies are equally hot, they remain so, each ac- 
cording to its surface, imparting to the rest and receiv- 
ing from all the rest, taken together, the same quantity 
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of heat. If one is hott^ than the lest, it gives faster 
than it receives, until the equilibrium is reached. And 
if, while they are thus coming to the same temperature, 
one is a good reflector, and therefore slow to receive 
the heat which comes to it, it is also slow to part with 
what it gets * thus the difference of reflecting power 
is without influence. 

85. Cooling of the eabth.-— Were it 

w^o/ thi ^^^ ^^^ ^^® ^^^y *® ^^^^ ^^ ^^^ earth would 
cooling of the vTsste away very rapidly into space. It is, 

earths • i. -■• i . 

m fact, radiated mto space now, as truly 
as if there were no sun or stars, but these make up for 
the Ipss. At night, when the sun is below the horizon, 
the waste by radiation takes place very rapidly, and 
the earth and air grow colder in consequence. It 
is not simply because of the absence of the direct 
heat of the sun, for this is rembved at once when the 
sun sets, while the cooling proceeds until morning. 
As the earth, being solid, is a better radiator than 
the air, it cools most rapidly, sending out its heat 
. through the air into space. In this way the earth often 
becomes cooled from ten to twenty degrees lower than 
the air above it. 
^ 86. Ice in the tropics. — ^Advantage 

Mowttteepro- . - _ ^ _ ,. _ . _ , 

duced in the IS taken of the coolmg which occurs by ra- 
troptcef diation, to produce ice, in countries where 

the temperature of the air does not fall to the freezing 
point. Water contained in shallow vessels, placed in 
trenches dug in the ground, to protect it from currents 
of warm air, becomes covered with ice by a night's ex- 
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poioxe. That the water is not ttozen by evapdnOion, is 
evident from the £Bu:t that it does not freeze in windy 
nightSy when evaporation is greatest. 
^ . . , 87. The fobmation of bbw. — Dew 

formaiUmo/ does not <<fall." Its deposition is an- 
^^' other consequence of the cooling of the 

earth by radiation. The air, however transparent, al- 
ways contains moisture, absorbed and invisible. Cold, 
causes the air, like every thing else, to contract, and 
presses out of it, as it were, the water which it con- 
tains. Now, when at night the earth has become 
cooled by radiation, the warmer air which comes in 
contact with it is cooled, and thus made to deposit its 
moisture in the form of dew. When the temperature 
is sufficiently low, the dew takes the form of frost. 

88. Why clouds prevent dew. — Clouds 
^^Ju'^^lhl send back the heat radiated from the earth, 
formation ©/" ty a HOW radiation, and thus prevent the 
cooling which is essential to titie produc- 
tion of dew. No dew is found therefore, on cloudy 
nights, when, if it came from above, like rain and 
snow, we should expect most. 

89. Artificial prevention of dew 

How can the x* • i ^ i. 

f<mnatwn of ^^^ FROST. — ^It IS Only uocessary to sub- 
d^hej^event' gtitute for clouds the artificial canopy of a 

edartifieiallyf ,. , ,, , . ^ , 

muslin handkerchief, or any other cover- 
ing, at a little distance from the earth, to prevent the 
deposition of dew and frost. Gardeners practised this 
method of protecting their tender plants firom frost, 
long before philosophers explained it. 
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_ , , 90. Absence of dew on polished sue- 

Whi/ « dew -w^ -, 

not depotUed FACES. — Uew does Dot fonn on polished 
twr/o^^****^ surfaces because they are poor radiators, or, 
in other words, do not allow their heat to 
escape, and thereby produce the degree of cold which 
is required to form dew. Leaves and grass receive 
most dew, because they are the best radiators. 

91. Supposed radiation of cold. — 
thermometer If a piece of ice be held before a ther- 
{f^ fd «^ mometer, it will cause the mercury to sink. 
ieei It is not because cold has been radiated 
from the ice, but because the thermometer, in common 
with all other bodies, is constantly giving out heat, 
and when the ice is near, it does not get its due portion 
in return. The ice cuts off the heat that woidd have 
come to it from other objects behind it, and gives it but 
little in its place. 

92. Refraction of heat. — ^Rays of 
of^ heat^^re- heat from the sun and other objects, are 
fra4stedf refracted or bent out of their course, on 
passing from one medium to (^jg^;;;... 
another, similarly to rays of ifiy"h^§:v:s. 

'6RECN r"—^-^""*"*-^^*^*-- 

light. By ordinary glass ijjjjjfh 
prisms most of the heat rays ^§^ 
are refracted in a less degree. 

93. Heat rats and chemical rats. — 
^^%h^ The light which proceeds from the sun, is 
ray9 and che- accompanied by rays of heat and others 
mtea rayt called chemical or cLctinic rays. In the 
analysis of light by a prism, the chemical rays accu- 
mulate principally in the region of the violet color of 
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the spectrum, whfle the most of the heat rays are 
thrown into the region of the red, and below it. Nei- 
ther the place of the heat rays nor the chemical rays 
is visible to the eye, but a delicate thermometer proves 
that there is most heat just below the red, and a piece ' 
of paper covered with chloride of silver, (a substance 
very sensitive to the chemical rays of light,) grows 
black most rapidly in the region of the violet. The 
place of the chemical and heat rays is thus shown, al- 
though neither can be seen. It is not to be understood 
that they axe confined to the points indicated, but only 
that they are accumulated there in largest proportion. 
94. Burning glasses. — The collection 
^/am the ^f ^^^ ^£ yieQi from the sun by ordinary 
burning giasB- burning glasses, depends on the fact that 
they are refracted, or bent out of their 
course on passing from one medium to another, pre- 
cisely as in the case of light. A lens made of two 
watch-glasses, filled with water, answers for heat as 
well as light, and may be used as a burning glass. 

„ , 95- Different heat rats. — There are 

Are aU the ,.^ , . , ^, 

rays of heat dijQferent kmds of heat rays, as there are of 
*^ light rays; some will pass through one 

substance best, and some through another. Thus, a 
piece of smoked rock salt allows the blue heat ray of 
the spectrum to pass, while alum lets the lower or 
red heat ray pass. 

96. Analysis of heat. — ^The analysis 

ffoto lethe^. ,^.. . 

analyeU of of heat IS effected by the same means as 
heat effected^ that of light. Rays of the sun are passed 
through a prism jiist as if light were to be analyzed, 
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a dark oolored glass being preyiouslj placed before the 
prism, to absorb the light and allow the heat only to 
pass. Emerging from the prism, it forms an invisible 
spectrum of rays beyond. These rays correspond to 
the different colored rays of light, and have different 
capacities of passing through different substances, as 
. before stated. But, strictly speaking, they have no 
color ; they were called blue and red, simply to de- 
signate their relative position. Heat from very intense 
sources is mostly violet, and violet heat passes more 
readily than the other rays through most substances. 
This accounts for the fact that the heat of the sun is 
Qot stopped by glass. For the analysis of heat fix)m 
other sources other material must be employed. 

97. Effect or different heat rats 

Mid^of^the ^^ MELTING SNOW. SuOW mcltS COmpaiE- 

meiting of tively slowly in the heat of the sun, for 
the reason mentioned in the last paragraph. 
Being from a highly heated source, it passes through 
the snow Instead of stopping to melt it. But near a 
fallen tree melting proceeds more rapidly, because the 
heat absorbed as violet, is radiated again from the mod- 
erately heated source as red heat, which, falling on the 
snow in its vicinity, is readily absorbed, instead of be- 
ing transmitted. 

„ 98. BURNINO GLASS OF ICE. A IcilS 

Mow can ffun- . 

potoder be ig- Sufficiently powerful to ignite gunpowder 
y^^ may even be made of ice. In using any 
lens, it is first to be placed near the object to be ignited, 
and^ then withdrawn till the spot of light which it 
casts is round and very small. The focus to which 
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all the rays of light converge is thus foand. The heat 
focus is a little beyond, but so near that the difference 
need not be taken into account. 



Section 3. — Changes effected by Heat. 

99. Expansion, melting, and yaporiza* 

are effeeu^hy TioN are the principal changes effected by 
^^*^^^ heat, while contraction, freezing, and con- 

densation of vapor are produced by its withdrawal. 
But before these changes are explained, it will, be well 
to consider certain remarkable differences in the heat- 
ing effects of heat, in the case of different substances. 

100. The heating effect of heat is 

AtethetgecU different FOR DIFFERENT SUBSTANCES. 

of heat eqtuu 

fn different R might naturally be supposed that the 
same quantity of heat actually imparted 
to different substances would make them equally hot ; 
but this is* not the case. If two heated cannon balls, of 
the same* size and temperature, are cooled, the one in 
mercury and the other in an equal weight of water, the 
mercury will be made much hotter than the water, by 
reception of the same heat. It does not simply feel 
hotter, as it might do if it were not really so, from the 
superior conducting power of the mercury, but it is 
actually so, as may be ascertained by testing the tem- 
perature by the thermometer. 

What it sped' 101. SPECIFIC HEAT. — ^If the abovC CX- 

ficheaif periment were varied, by cooling m mer- 

cury a bullet of one-thirtieth the bulk of that used 
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for the water, the two would be brought to the 
temperature.^ Mercury laequires but one-thirtieth as 
much heating as an equal weight of water, to make it 
equally hot. It, fills up, as it were, with heat, more 
rapidly. The comparative quantity required by any 
substance to produce an equal elevation of temperature, 
is called its specific heat. 

102. Taking water as the standard, and 
•ps^ficheaiof Calling its Specific heat one, that of mer- 
mercaryf Of cury is about oue-thirtieth. That of iron 
is about one-tenth. The specific heat of 
other substances is given in decimals in a table con- 
tained in the appendix. 

Whatiscapa- 103. RELATIVE HEAT. ^If WC Compare 

eitt/for heat? equal bulks of Water and mercury, instead 
of equal weights, we make out the capacity of mer- 
cury for heat, to be one-half instead of one-thirtieth 
that of water. The comparative capacity when thus 
estimated for equal measures, is called relative heat. 
Thus we say that the relative heat of mercury is one- 
half that of water. This method of comparison is 
seldom employed. 

Whatrelation 104. RELATION OF HEAT AND DENSITY— 

exisu between The spccific heat of any substance is di- 

density and • • i i • •• • 

capacity for minishcd as its density is increased. Less 
^'^'^ is required to indicate the same tempera- 

ture. The surplus raises the temperature. This is one 
source of the heat which is produced in hammering 
metals. In the case of gases, the diminution is nearly 
proportioned to the increase of deuMty. In the case 
of liquids and solids it has been less carefully investi- 

3 ■ \. 
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gated. In the comparison of different substances, no 
inference as to specific heat can be made from the de- 
gree of density. A substance more dense than another 
may at the same time have a greater specific heat. 

ffowdoetths ^^** ^^^ OCEAIf A RESERVOIR OF BEAT 

peewi ierve m In hot Weather the ocean absorbs the heat 

a reservoir ^ ^i_ j • »^ -^ m 

and r^atar of ^"® s^^ <^d air. If it were an ocean of 
of kituf mercury, it would soon grow as hot as the 
air, and therefore cease absorbing; but its capacity 
for heat is so much greater that this does not occur. 
Again, in cold weather it is constantly giving out the 
large quantity it has absorbed, but at the same time 
itself grows cool, though very slowly. It is thus a 
reservoir of heat and a regulator of climate. 

106. Fire by compression. — The fire 
"^^^T* '^ syringe, represented in the figure, is an 
the nre Sy- instrument designed to produce fire 
^^^' by the compression of air. On forcing 

the piston suddenly down, the tinder below it is 
ignited. This takes place on the principle already 
explained. The specific heat of compressed air 
is less than that of air uncompressed. When the com- 
pression takes place, the surplus elevates the tempera- 
ture and inflames the tinder. 
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107. Expansion universal. — ^AU bodies, 

Z^Jiejf'^ solid, liquid, and gaseous, expand by heat, 

thf site of bo- and Contract to their original dimensions on 

cooling. An iron wire lengthens by heat ; 

tbe mficury in a thermometer expand^ and w^ hj 
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heating ; air partially jSlling a bladder expands and fills 
it by the operation of the same cause. 

„ , , 108. How HEAT EXPANDS BODIES. ^Heat 

Sow does heat 

operate to ex- Operates to produce expansion, by insinua* 
pand bodies f ^^^ ^^^^f between the particles of sub- 
stances and increasing their distance from one another* 
The cooling process is simply a removal of heat, 
which allows the particles to assume their original dis- 
tances from one another, in obedience to the attraction 
of cohesion. 

109. Expansion of soLiDS.-^The ex- 

AmongsoUda, * i., , , . , 

which expand pansion of solids by heat is comparatnrely 
themoHf small. Among solids, the metals expand 
the most; but an iron wire increases only ffr ^ 
length on being heated from zero up to 212^. Ex- 
pansion in general bulk is about three times as great 
as in length. Thus, a cannon ball heated to 212^ 
would occupy about ^1^ more space than when cooled 
down to zero. 

110. Illustration. — The expansion of 

EwB may the ^p*j,i^ ^^v rv^ 

expantion of "leiais may >^ 

metaU he it be iUustra- f/A 

''''^' t.d by ar- M 

ranging a blrick, a knit- 
ting-needle, and a shin- 
gle, as in the figure. On 
heating the needle with a spirit lamp, the shingle, if 
before carefully poised, will be overturned. 
What appli' 111- Wheel-tires, rivets, etc.— 

tation of thu Important application of even this small 
made in the degree of expansion is made in the arts. 
•^' The tires of carriage wheels, for example, 
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are made originally too smaU for the firames they axe 
to siirrounci They are thea heated red hot and ap- 
plied in a state of expansion. The contraction which 
afterward takes place, on sudden cooling by cold wa- 
ter, binds the wooden frame- work together with the 
greatest firmness. So in making steam-boilers, the 
rivets are fastened while hot, that they may by subse- 
quent contraction unite the plates more firmly. 

112. Hot-water pipes. — ^In certain 

What dUad' ^ u • u • i- j .u 

vantages arue uses to which irou IS applied, the conse- 
^^Mtion^ ^of V^^^^^ o^ expansion have to be carefully 
metaUf guarded against. A cast-iron pipe for the 

conveyance of steam or hot water, must not be so laid 
that its ends touch two opposite walls, lest by its ex- 
pansion when heated, the walls should be overturned. 

113. Clamps in walls. — ^If the two 
\M^oid wcw! ®^^^ ^^ * piece of metal are fixed so that 
^li^ *** ^'^^y cannot move, and contraction takes 

place by cold, the metal must break. Cast- 
iron clamps in walls are frequently thus broken. If 
they are of wrought iron, they often crush the stone, 
and thus loosen themselves in their sockets. 
^ „ 114. Lifting walls. — Walls of build- 

Jaoio a/f€ vxdls 

straightened ings in danger of falling, have been restored 
^nd^^o!utuc- ^^ ^^^^ perpendicular position by taking 
^^*^^ indirect advantage of expansion. This 

is effected, by connecting the walls to be lifted into 
place, by an iron rod, fixed firmly into one wall, and 
passing loosely throjiigh a hole in the other. TKe 
whole length of the rod is then heated by lamps, 
whereby expansion is occasioned, and the rod made to 
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project beyond the building. The nut with which it 
is provided is then screwed up on the projecting rod, 
until it touches the outside of the wall. The lamps 
being then removed, \he rod cools, wd, by its con- 
traction, draws up the walls with it. 

115. Fracture of glass vessels.— 
fZ\ure % CHass expands less than iron by heat, yet 
ffiast veueii sufficiently, when expansion is unequal on 
^ ^ opposite surfaces, to occasion its fracture. 

Thus if hot water be poured on a thick glass plate, it 
cracks. The first effect is to expand the upper snrface, 
while the imder one is but slightly affected. The ob- 
vious tendency of this tmequal expansion, is to warp 
the plate, and curve it inward toward the under side. 
But, as the glass cannot bend, it breaks. 

„ , H6. How TO CUT GLASS BY HOT WIRE. 

How can heat .*• « 

he used to cut ln cousequcnce of the same unequal expan* 
glass f gj^jj^ ^ crack once commenced in glass may 

be made to follow the heated end of a rod of iron or pipe- 
stem drawn over its surface. Broken vessels of glass 
may be thus cut into useful shapes. A glass vial may 
be cut evenly in two, by encircling it with a ring of 
iron heated to redness, and afterward plunging it into 
cold water. The glass beneath the ring becomes ex- 
panded through and through, and the subsequent im- 
mersion in water, causes a sudden contraction in the 
exterior, and consequent firacture, on the principle above 
stated. 

117. Wood and marble expand lit- 
a^^'^wJf TLE.— Wood and marble expand but little 
*****^ /^***" by heat, and are therefore sometimes used 
for pendulum rods, where careful provision 
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must be made i^inst change of length by change ef 
weather. 

118. Ll<iUIDS EXPAND MOBK THAN SOL- 

rtiaHJexfMH' ^^' — Acolumn of water inclosed in aglass 
^wJj*^ tube, will expand iV in length on being 
heated from freezing to the boiling point 
of water, while a column of iron will expand only ^\^. 
ttlr^rau tke 1 19- t-»-«" JHATiOK—The overflow of 
wpannim of Water from full vessels before boiling 
liquidsbyheat. commences, so often observed in the 
kitchen, is in consequence of expansion by heat. To 
illustrate the expansion of liquids, a 
test*tube full of water may be heated 
over a spirit lamp, as indicated in the 
figure. The water will be found to 
.heap itself into a convex surface over 
the mouth of the tube, and even to run 
over, long before boiling commences. 

Wkatepct ^^^- ^«^" WATER .X- I 

htu cM on PANDs BT COLD. — There is 

water ot Z^ F * 

' an important exception to the general law 
of expansion of liquids by heat and contraction by cold, 
or withdrawal of heat. Very cold water (39 P.) expands 
by further cold before it freezes. Again, on conver- 
sion into ice, it undergoes still further expansion. 
„ ia 1 . Illustration. — Expansion by these 

jHow may ^^ , . j 

pannmhycoid Combined causes may be shown by bury- 
le uiuitrated? ^^^ ^ tcst-tube full of Water in a mixture of 
snow and salt. Before the water is completely frozen, 
it will rise at least a quarter of an inch, and fill the 
tube.4 
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The greater part of this expansion is owing to 
the latter of the causes above mentioned. The 
freezing mixture employed is made of two 
parts snow to one part salt, brought intoj 
the cup alternately, in small portions. It 
is well to wrap the cup in flannel, or other 
cloth, to prevent loss of heat. From ten to fifteen 
minutes axe required for the experiment. If the water 
is perfectly frozen, the tube wiil be cracked by its ex- 
pansion. 

122. Cold water floats on warmer 

CoU^Lr^t W^TER AND PROTECTS IT.— It WaS shoWQ 

on warmer wa- in the last paragraph that very cold water 
(below 39°) is in an expanded condition, 
and occupies more space than warmer water. It fol- 
lows that it is lighter, and will float on warmer water* 
As the weather grows colder each winter, and the time 
approaches for the formation of ice in rivers and lakes, 
the cold water does actually float on the warmer, on a 
grand scale, and protect it from the cold. The body 
of water being thus protected, ice never forms many 
feet thick. The case would be very different if water 
grew constantly heavier by cold. The surface water 
would then constantly sink, until all were reduced to 
the freezing point. Cooling does, in fact, proceed in 
this way until the temperature sinks to 39° ; then the 
exception comes in play, and the surface water, as 
before stated, retains its place and exerts its protectmg 
influence. When ice is subsequently formed it has the 
same effect. 
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_ 133. Consequences op the lightness 

What eonu- i> ^ r *i. 

queneet remit OF VEBT COLD WATER. ^But foi the lO- 

from the ex- mgjfcable fact that more cold makes very 
terhycoldr' cold Water lighter, and not heavier, and 
thus enables it to exert the protecting influence just 
explained, the cold of a single winter would be suflSl- 
cient to kill all the fishes inhabiting our lakes and 
rivers. ' Another consequence would be change of cli- 
mate, as a necessary result of the formation of im- 
mense masses of ice, which the heat of the summer 
would be insufficient to melt. The temperate regions 
of the earth would thus become uninhabitable. Such 
are the consequences which are obviated by this 
remarkable exception to a general law of expansion. 
The whole realm of nature furnishes no more remark- 
able evidence of design on the part of the Creator. 
124. Some liquids expand more than 

In what pro' 

portion do Kjpi- OTHERS. — Somc liquids cxpaud more by 
^oU.and mater ^^^^ ^^^^^ othcrs. Spirits of wiuc, on be- 
expandf iug heated from 32^ to 212^, increases one- 

ninth in bulk J oil expands about one-twelfth, and wa- 
ter, as has before been stated, one-twenty-third. It is , 
much to the advantage of the dealer in spirits to buy 
in winter and sell in summer. Twenty gallons 
bought in January, will have become, by expansion, 
twenty-one in July. The difference between the cold- 
est and warmest weather of the year, is sufficient to 
make about this difference in bulk. 

126. Gases expand more than either 

Uwo do gaaes 

cornpare with SOLIDS OR LIQUIDS. ^GaSCS CXpand morC 

quids in ex- than either solids or liquids by Jhcat The 
poMibUityf reason is, that in gases there is no co- 
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hesion to overcome, as in the- two other states of 

matter; While iron increases in general bulk rtrA? 
and water about ^V^, on being heated from the freez- 
ing to the boiling point of the latter, air expands more 
than ^d by the same increase of temperature. 

126. Law of expansion vor oases.— 
of expansion Gases expand T^irth of the bulk which they 
forga$et, possess at Sg^jfor every degree above that 
point, and contract in the same proportion for every de- 
gree below it. Thus, 490 cubic inches at 32° would 
so expand as to occupy an inch more space at 33°, 
still another inch at 34°, and at the same rate for 
higher temperatures. And the same quantity would 
contract by cold, or withdrawal of heat, so as to oc- 
cupy an inch less space at 31°, and two inches less at 
30°, and so on for lower temperatures. The law is 
the same^ for sleam and other vapors. 
y^Thu u a 137. The thermometer. — ^The ther- 
thermomeurf mometer is an instrument in which ex- 
pansion ' is ^made use of to show changes of tem- 
perature. A sttaight wire, which would grow regu- 
larly and perceptibly longer in proportion to the 
incre^use of temperature, would form the most conve- 
nient thermometer. But solids do not expand enough, 
or with sufficient regularity, for this purpose. The 
liquid metal mercury, is therefore employed instead, 
being inclosed in a glass tube and bulb. 

128. Construction op thermohx- 

ffow are ther- t t • i_ i_ 

mometersman- TERs. — In making thermometers, the 
vfaeturedf mercury being first introduced into the 

bulb, is boiled, so as to expel all air and moisture, 

3* 



and fill the tube with its own yapor. The end of the 
tube is then closed by fosion. As the metal oools, it 
eontracts and collects in the bulb and lower part of 
the tube, leaving a vacuum above. The instrument 
is now oompletCi with the exception of graduation. 
Used in this condition, the mercury would be ob- 
served to rise and fall with changes of temperature, 
but we should not be able to say how much or how 
little. 

129. Graduation of therhomkters. — 
themufmeiert To obtain a fixed point from which to 
graduated f count, the instrument is impiersed in melt- 
ing ice, and the point to which the mercury sinks 
scratched on the glass. This point is called zero. 
Another fixed point is obtained by immersing the 
thermometer in boiling water, and when the 
mercury has risen, noting this height also on 
the glass, and marking it 100°. The space be- 
tween the two poiuts is next divided into one 
hundred equal parts, by scratches on the glass, 
and numbered from one up to a hundred. Thje 
upper and lower portions of the tube are marked 
off into divisions of the same length, for very 
high and loV temperatures. 

130. jCentigrabe thermometer. 

Describe tM 

Centigrade A thermometer graduated as above 
thermometer, jg ^^jj^j ^ centigrade thermometer, 

from the fact that the space between "boiling" and 
" freezing" is divided into one hundred degrees. This 
is by far the most rational method of graduating, 
and these thermometers are in general use on the 
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continent of Europe, and by scientific men all over 
the world. 

131. Fahrenheit thermometer. — This 

Defcrthe. the. . , , ... 

Fahrenheit IS the thermometer ni common usq m this 
thermometer, country. The instrument itself is pre- 
cisely the same as the centigrade. The difference is 
only in the graduation. In graduating it, the space 
between the freezing and boiling points having been 
piarked on the glass, is divided into one hundred and 
eighty parts, and the rest of the tube, above and below) 
into similar . sjpaces. The zero, or starting point, is 
fixed lower down than in the centigrade, 
where nothing especial happens, instead ot 
where water freezes. The consequence is, 
that in counting up and affixing the numbersi 
the freezing point comes at 32°, and the 
boiling point at 212°. There is no good rea- 
son for placing the zero there, or for choosing 
such a number as 180 for the number of de- 
grees between freezing and boiling. The 
centigrade graduation is, therefore, much to 
be preferred. If a thermometer of each 
kind were immersed in boiling water, the 
mercury 'would rise in the centigrade to the ^^^^ 
point marked 100, and in the Fahrenheit %J ' 
to the point marked 212. In the same way ^zero cen- 
tigrade corresponds to 32° Fahrenheit. The two ther- 
mometers are compared in the figure. 

MowUextreme 132. EXTREME COLD, HOW IfEASURXO. 

coldm^aturedi j^ t^e temperature is lowered, the mer- 
cury of the Fahrenheit thermometer sinks, until by 
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sufficient cold it reaches 39 degrees below zero. 
There, intense cold has no effect upon it, for at this 
point the mercury freezes. How much colder it is 
than 39** cannot be told, therefore, by the mercuriai 
thermometer. Thermometers containing alcohol in- 
stead of mercury arc used for this purpose, because al- 
cohol never freezes, and will continue to sink further 
and further in the tube the colder it grows. 

133. Extreme heat, how measured. 
heat meas- If a Fahrenheit thermometer is heated, 
"^ the mercury in it rises, till it reaches 662°, 
and then begins to boil. A little more heat forms suf- 
ficient vapor of mercury to burst the tube. For this 
reason, a mercurial thermometer cannot be used to 
measure extreme heat. A platinum bar inclosed in a 
black lead tube shut at the bottom, is common- 
ly employed for this purpose. Tube and bar are 
placed on the fire, or in the melted metfeil, whose 
heat it is desired to measure, one end being left 
out, so that it can be seen. The consequence is 
that the platinum bar expands, and projects 
from the earthen tube. The tube itself expands but 
little. The further the bar projects, the greater is the 
heat. As it pushes out, it is made to move an index 
hand, and point to the number indicating the tempera- 
ture, on a graduated -arc. This arc is first graduated by 
repealed trials, observing how much the bar projects 
and moves the hand by the same heat which raises 
tfie mercury one degree in the Fahrenheit thermometer. 

134. The air thermometer. — A col- 

Jjescrtbe the . ^ t - 

4tir therMome- umn of air confined m a glass tube over 
*^' colored water, was the first thermometer 
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used. Heat expands the air and lengthens the column 
clownward, pushing the water before it, while cold has 
the contrary effect. The temperature is thus indicated 
by the height at which the water stands. 

135. Illustration. — ^Tbe principle of 
liiwitrate the ^j^ ^- thermometer may be illustrated as 

principle of ^ 

the a%r ther- represented in the figure. A 

mcymeer. test-tubc IS half filled, and 

then inrerted in a glass of water without 

allowing the water which it contains to 

flow out. Heat applied to the tube will lengthen the' 

columil of air by expansion. 
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136. Solids bscqme liquids bt heat. 

Mow do Moltds 

become Ur On being heated up to a certain point, solids 
^**^ are melted, or converted into liquids. 

Thus, at all temperatures below 32®, water is solid 
ice, but the moment it is warmed up to this point, 
by change of weather or other means, it begins to 
melt. The temperature at which this change occurs 
is called the melting point. 32^ is therefore the melt- 
ing point of ice. The melting point of sulphur is 
226° ; that of lead, 612°. 

137. All substances are fusible. — 

Are all sub- . ,, , /. .^i • ^ 

stances fusi- All substances are fusible, or, m other 
^^^ ^ words, may be melted ; but the melting 

point of all is not definitely known. Thus carbon has 
been fused by the heat of the galvanic battery, but it 
is impossible to state the melting point in degrees. 
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Under great {nressuie, increased heat is required t<y tf- 
feet fusion. Thus the meltiug point of sulphur is 
reused from 226^ to 285°, by a pressure of 11,880 lbs. 
to the square inch. 

Whatremark' -^^^* DiSAPFEARAKCE OF HEAT IN MELT- 

abie eireumr ino.— Melting or fusing is effected by heat, 

stance attends _ i » i • t 

the TMiting of and a remarkable circumstance attendmg 
hodtnf j^^ jg ^jj^ disappearance of the heat .which 

has effected the change. Thus, if a thermometer be 
applied to ice or snow which has just begun to melt, 
• it will be found to stand at 32^, Let the ice be then 
introduced into a tumbler, and placed on a stove, and 
the temperature again tested at the moment when the 
conversion into water is completed. The thermometer 
will be found again to stand at 32°. The water produced 
is no hotter than the original ice, yet heat has been pour- 
ing into it, through the bottom of the yes- 
8el,during the whole process of melting. 
If a piece of glass of the same size had 
been subjected to the same heat, it would 
have grown constantly hotter. It fol- 
lows that in the case of the ice there 
has been a disappearance of heat. This 
disappearance always occurs whenever 
a solid is converted into a liquid. . 

What other ^^^* ANALOGOUS DISAPPEARANCE OF 

iMtamwc of AciDiTT. — Chemistry furnishes other in- 

aiaappearanee *• j. , . , , 

does ehemittry Stances 01 disappearance, which may help 
afford f ^g jjj understanding this one. If vinegar 

be poured upon chalk it loses its sourness, ^t is be- 
cause a combination has taken place between the acid 
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vinegar and the lime which the chalk contains, and a 
new substance, called a salt, has been fonned ont of 
both. So in the present case, we may suppose that 
heat and the solid have combined to form a liquid, and 
the property of heat to effect the senses and the thor* 
mometer, has at the same time disappeared. Any liquid 
may therefore be regarded as a compound of solid and 
heat.'. The heat which thus disappears is called can^ 
iined, or latent heat. 

Mention wme 1*0. FREEZING MIXTUSliS. YfheiL SOlidf 

jreezinj mix- ^jjj^^ ^ liquid form by other means, as, for 

^wre^. How do , ^ , ,. , ■ 

th0^ prodMce example, when salt dissolves in water, the 
'""^^ temperature is generally mach i«daced. 

Nitre, for example, reduces the temperature of water in 
which it is dissolved from 15 to 18 degrees, and is there* 
fore much used in the East, where it is abundant, for 
cooling wines. Mixed nitre and sal-ammoniac have a 
still greater effect. Sulphate of soda drenched with 
strong muriatic acid, will reduce the temperature from 
50° to zero. 
_^ . _ 141. When two solids, on being mixed, 

Jfention other t • i . • •• .n * ■« • 

freezing mi:t- become both liquid. Still greater cold is 
^d^^'ihey ^l ^^^^^ produced. This is the case with a 
dues, greater mixtuie of snow with common salt, or with 
^ chloride of calcium. By the former mix* 

tore, used as shoyrn in paragraph 121, ice cream is frossen.* 
By the latter mixture, a cold sufficient to freeze mercury 
may readily be produced. For this purpos^, three parts 
of the salt are to Se mixed with two of dry snow. 

* Fahrenheit regarded the temperatare thus produced aa abaolate oold, 
■ad thANlbra aMamed it aa the »ro of hit sdOtt. 
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143. The melting of snow cools th« 
mdtir^/^ AiE. — ^Whenever ice is converted into wa- 
$mcmaf€eithi ter, whether rapidly by &e or slowly 
by change of weather, the disappearance 
of heat, above mentioned, occurs. Thus, when the 
snow melts in sprmg, heat is drawn off from the air 
and made latent, or combined in the water which re- 
sults from the melting. This makes the weather 
cooler than it would otherwise be, and retards in a 
measure the advance of spring. 

ffowdolimiids 143. FREEZING. — ^Liquids bocomo solids 
ftMomefo/tcb/ |jy ^jj^ removal of their combined heat. 
Thus, if molten lead be allowed to stand awhile, the 
heat which it contains passes away into other objects, 
Warming them ; and the metal itself, having lost its 
heat, becomes solid. So in winter, the combined heat 
which is contained in water, is conveyed away by the 
colder air, and the water, having lost its heat, is con- 
verted into ice. 
,^. , . ,^ 144. Freezing point. — ^The tempera- 

WfuU u the * ^ 

freexing point turc at which a substance passes from the 
o/ahqtUdf liquid into the solid state is called the 
freezing point. Thus, 32^ is the freezing point of wa- 
ter. The freezing point of any substance is, as might 
be supposed, the same as the melting point. Water, for 
example, becomes ice in process of -cooling, at the 
same temperature that ice becomes water in process of 
heating. , 
^ „., .^ 14S. All LiQtjms have their freez^ 

CaxuUlltguicU 

he frozen / iNG POINT. — There is good reason to be- 

Give example,, j-^^^ ^j^^ ^j ^^^^^8, without exceptioil^ 
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have their freezing point, but the redaction of tem- 
perature requisite has not in the case of all been at- 
tained. Alcohol and ether, for example, have never 
been frozen. 

146. In freezing, latent heat be- 
Ja/Zf^. ^'^^^^^ sensibi-e heXt.— If Water, in suffi- 
of the latent eient quantity, be taken into an apartment 
whose temperature is several degrees be- 
low the freezing point, and then allowed to become 
ice, it will be found that the freezing process has ac- 
tually warmed the apartment several degrees. The 
latent heat has been^ drawn off by the colder air d 
the room, raising its own temperature, and leaving the 
water in the condition of ice. 
^ , 147. Cellars warmed by ice. — ^In ao- 

Sow can eel- 

lara be warmed cordance with the principle above stated, 
by ice i ^^1^ ^f water are sometimes set to freeze 

in .cellars, thereby to prevent excessive cold. And 
even in the coldest climates a sufficient supply of w&- 
ter might thus be made to secure an apartment against 
extreme cold. 

148. Effect on climate. — The milder 
S^A* ffeel climate of the vicinity of lakes which are 
ing of water accustomed to freeze in winter, and the 
moderation of the weather during a snow 
storm, are accounted for on the same principle. As the 
melting of snow retards in a certain degree the ad- 
vance of spring by the heat it abstracts from the at- 
mosphere, so the formation of ice tends to make the 
advance of winter less rapid, by the heat which it 
evolves. 
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VAPORIZATION. 
149. Formation' or tapors. — ^While 

Do vaport _ ., , _ ,. , . 

/<mn at all melting, or the conveirsion of a solid into 
temperaiure9f ^ liquid, occurs only when the solid is 
heated up to a certain fixed point, the conversion of a 
liquid into a vapor takes place at all temperatures. 
Thus water is always passing off into vapor from the 
surface of the ocean, and from the moist earth. 
,^ . , 160. Vapors transparent. — All vapors 

What u the ^ , ,., , 

appearance of are perfectly transparent, like the atmo- 
vapor9f sphere. If water be boiled in a flask, it 

will be found that the steam within the flask is as 
transparent as air. The steam thrown from a locomo- 
tive would be invisible if it remained steam We 
should hear its roar, but see nothing. 

151. Density op vapors. — ^Vapors are 

Ja the dennty ^ „ , /. , . r«* m 

of vapors unt- 01 all degrees of density. The vapor of 
form f water may be as thin as air, or, again, al- 

most as dense as water itself 

152. Elasticity of vapors. — ^AU va- 

Jlltutrate the 

elasticity of pors are elastic, like air. Steam, like air, 

ifi^ors, j^ compressed in a cylinder, with a close 

fitting piston, by a heavy weight, would expand again, 
and force the piston out, as soon as the weight were 
removed. The force with which a vapor expands, or 
strives to expand supposing the weight not removed, 
is called its elastic farce or tennon. 



' , ' . 153. DsNsmr db^shds ok nii»BRA- 

Mow does tern- _ _ .,.,,. ., , . 

peratmre affect TusE. — ^If Water IS Doiled in a flask, the 
*^**'y' latter becomes filled with steam. Bat, 

although full, more steam can be crowded into the 
same space. On corking the flask and continuing the 
heat, the temperature of the water will be raised. 
Then, forced as it were, by the additional heat, its par- 
ticles have the power of crowding into the steam be- 
fore produced, and making it more dense. But after 
a time, no more can be forced in until the temperature 
is still further increased. In other words, there is a 
maximum density corresponding to every temperature. 
And what is here said of steam, is true of vapor of 
water produced at lower temperature, and also of other 
vapors. The higher the temperature, the greater is 
the density of all vapors, provided a surplus of material 
is present. But if this is^not the case, heat has 
simply the effect of expanding. the vapor as it would 
an equal quantity of air. In the case of a partial 
supply of water, the vapor grows more dense, but 
does not reach the highest density which it would 
have at the same temperature with a full supply. 

Whatremarh' ^^^' DISAPPEARANCE OP HEAT IN VA- 

able cireum- poRs.— The same disappearance of heat 

stance attends ... , ,."1 • .^ j 

ike formaium which occurs whcu a solid IS converted 
0/ vapors f ^^^ ^ liquid, occurs also when a liquid is 
converted into a vapor or gas. Thus, if we wish to 
cool a room in summer, we sprinkle the floor. As the , 
wat^ evaporates, much of the heat of the room dis- 
appears. It has entered into combination with water 
to produce vapor, and has no longer the power of af^ 



feeliag tke senses and. the thermometer. In the same 
n^mner, our bodies are cooled in summer bj perspira- 
tion, And the evaporation which accompanies it. All 
vapors may, indeed, be regarded as oombinations of 
heat with tiie liquids from which they are formed. In 
this case, also, the heat which becomes latent in thus 
combining, is called latent heat 
_ , 165. Fbeezing by evaporation.— -The 

Hew can ether 

b€ made to more rapidly a substance evaporates, the 
^^n^%s more heat does it .require for the evapora- 
actton, tiou. This it obtains from objects in con- 

tact with it. Ether may be made to evaporate so 
rapidly as to freeze water, even in summer. This is 
best accomplished by covering the bottom of a. test- 
tube with a cotton rag, or several layers of porous 
paper, as represented in the figure, dipping it into 
ether, and then waving it to and fro in the 
air, or spinning it between the palms of the hands. 
By repeating this process several times, a few 
drops of water, previously placed in the tube, may 
be frozen. A mixture of liquefied carbonic acid and 
nitrous oxide gases, previously liquefied, produce on 
evaporation a temperature of 220 degrees below zero. 
^ , 156. Protection from heat by eva- 

How does eva-^ 

poraH&n pro- PORATioN. — By previously moistening the 
ted from heat^ fingers, they may be dipped unharmed, for 
an instant, into molten lead, or passed through a stream 
of white-hot iron as it flows from the furnace. A 
cloak of comparatively cool vapor is formed from the 
moisture upon the fingers, and keeps them from con* 
tact with the molten metal. 
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167. Relations or axk and tapor.— - 

J>o€9 vapor The earth is surrounded by air to the 

0i$place air ¥ * 

depth of fifty miles. It is also surrounded 
by vapor occupying the same space which the air oc- 
cupies. But they are independent of each other. 
Each contracts for itself, and expands for itself, accord- 
ing to the temperature. When more vapor is produced 
by evaporation from the sea, or other sources, it rises 
into the air without displacing it or pushing it aside, 
only rendering the vapor which it before contained 
mere dense. 

158. Quantity op vapor, in the at- 
i^^^T^^ MospHERE.— The air is always /utt of va- 
existt in the por ; that is, where there is a cubic inch 
*"^ of air, there is a cubic inch of vapor with 

it, occupying the same space. 

U on what ^^^' QUANTITZ OP WATER THE AIR MAY 

does the quan- CONTAIN AS VAPOR. — The quantity of wa- 
int^cdrde- ter present in the air, in the form of trans- 
pend? parent vapor, depends on the density of the 

vapor, and this differs, as has been shown, according, to* 
heat and the abundance of water. In summer, aiid 
over the sea, it is commonly most dense. At a me- 
dium summer temperature of 75 degrees, the vapor in 
the air is sometimes so dense that every cubic yard of 
air contains a cubic inch of water, in this form. But 
it can never at this temperature contain more. It is 
then said to be ^^ saturated," and also that its capacity 
for water is filled. 



^ heat: ' 

What effect ^^^' Capacity of the air fob wa- 

hie keat upon XEB INCREASED BY HEAT.— But, BS the 

vapor present Weather grows warmer, the capacity of 
«A the 4ur t ^ j^g ^ £^j moisture is increased, so that al 
100^, i* can contain twice as much as at 75^, or 
two cubic inches. On the other hand, as the weather 
grows cooler, its capacity is diminished, so that at 50° 
it can hold scarcely more than half a cubic inch, and is 
saturated by this comparatively small quantity. And, 
in general, the capacity of the air for moisture is .in- 
creased by the elevation of its temperature. 

161. Effect of wind. — Wind causes 
^ei^qtiat evaporation to proceed more rapidly, not 
tity of vapor becausc the air in motion has any greater 
in the air f .. i- • x v x v 

capacity for moisture, but because new 

portions of air are brought successively into contact 
with the wet surface. As fast as one portion has im- 
bibed a certain amount of moisture, another portion of 
drier and more thirsty air takes its place. 

162. Deposition of moisture. — ^It fol- 

JExplain the , . , . , . , 

deposition of lows that air that is. saturated, or, m other 
moisture, words, has its full portion of moisture in 

the form of vapor, must deposit a portion of it in the 
form of water in cooling. Thus a cubic yard of sat- 
urated air at 75^, on being cooled down to 50^, would 
yield half a cubic inch of water, or half of the whole 
quantity which it originally contained. If we sup- 
pose the experiment to be performed in a glass vessel 
where the effect of cooling could be observed, we 
should first see a mist or dew within the box, consist- 
ing of the particles of water which the colder air can 
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no longer retain. This mist would gradually deposit 
and collect in the form of water, and if measured, 
would be found to make more than half a cubic inch. 
Something less than half a cubic inch would remain 
as invisible vapor in the cooled air. If the air were 
cooled further, part of this would be condensed to 
water. 

What is 163. Unsaturated AiR.-^-Air that does 

said of uHsat' ^ot contain its complement of water will 

uratea air and * 

iu moUtwre f not yield any by slight cooling. It would 
be like slightly compressing a half-filled sponge. ' But 
as the cooling proceeds, the vapor becomes so dense 
that further cooling will cause a deposition of moisture* 
A cubic yard of air at 75°, containing only half a cubic 
inch of water in the form of vapor, would yield none 
on being cooled down to 50^. At this point the formation 
would commence. If it contained originally less than 
half a cubic inch, it would htive to be cooled still lower 
before any moisture Ifiade its appearance. The less 
the moisture, in short, the more cold it would require 
to wring it out. 

hthequantUy 164. ftuANTITY OF VAPOR IN THE AT- 

of^aporinthe jjogpHERE. — ^As has been already stated, 

atmosphere al- . / 

ways propor- the capacity of air for vapor is m propor- 
J^;i/'' *" tionto its warmth. The air of summer 
can therefore contain more than tHat of winter ; and 
it frequently does so. But this is not necessarily the 
case, for the capacity for moisture is not always filled. 
Hot air over a desert, for example, contains less mois- 
ture than cold air over the sea. And in the same lo- 
cality, and during the same season, the quantity of 



moisture in tlie air wUl differ frcm day to day, and 
from hour to hour. This will depend a good deal on 
the wind, whether it blows from the land or from the 
sea. Sometimes it contains a cubic inch of water in 
the form of vapor in every square yard, but generally 
less. 

165. Mist and fog. — These are 
c9u$eofmi9t8 aquoous vapor, rendered visible by the 
and fogs f cooling of the aif, as before explained. 
When the air is saturated, the least cooling will pro- 
duce- a fog, H» in the case supposed in paragraph 129. 
When it is not saturated, more cooling will be required, 
as in the case supposed in the subsequent paragraph. 
The beautiful veil of mist, which forms in summer 
nights over low places, is owing to the cooling of the 
air below its point of saturation, which takes place 
after sunset. . 

166. Mixed currents of air.— The 
wwiucHon ^o/" phenomena of mist, fog, clouds, and con- 
foga hif mixed sequently of rain, are more commonly 

currents of air . ', . /. i i ^ 

owing to the mixture of cold and warm 
winds or currents of air. When this admixture takes 
place, the warm air becomes colder, and tends to de- 
posit its moisture, and the cold air warmer ; and it 
might be at first supposed that those two influences 
would counteract each other. For example,, if a cubic 
yard of air at 100^ mixes with a cubic yard at 50°, they 
both become 75°, and it might be thought, that the' 
warming of the colder cubic yard would increase its 
capacity for moisture, as much as the cooling of the 
warmer cubic yard would diminish its capacity, and 
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that consequently no mist would be produced. But^ 
as before stated, it has been ascertained by experiment 
that hot air at 100^ will contain aboul two cubic inches, 
and air at 50^, about half a cubic inch of water. The 
two would therefore contain two and a half cubic 
inches. But air at 75^ can hold but one cubic inch, 
and consequently the two cubic yards would hold but 
two cubic inches. The surplus half inch would con- 
sequently take the form of visible moisture, called 
cloud, fog, or mist, according to circumstances. It is 
not to be understood, from what is above stated, that 
half a cubic inch of water is always yielded by every 
two cubic yards of air at 50° and 100° which come to* 
gether ; if they are not totally saturated, the quantity 
will be less. 

167. Fogs on the sea coast. — ^The 
jyrodwed on sca is coolcr than the land in summer, and 
the $ea cotutf warmer in winter. As a consequence, the 
air above the sea is cooler in summer and warmer in 
winter, than that above the land. The admixture of 
these bodies of air, which takes place along the coast, 
produces fogs on the principle above stated. 

168. Fogs on rtvers. — When land and 

Why do fogt 

form on riv Water have the same temperature, as may 
^^^ be the case with small lakes and rivers, 

the difference of radiation during a single night often 
produces fogs. The land cools more rapidly than the 
water. As a consequence, the air above the land is 
cooler than that above the water. As the two bodies 
of air mingle, fog is produced, and is seen following 

4 



f4 HXAT. 

the devious course of the river, or brooding over the 

lake in the morning. 

,^ 169. Newfoundland fogs. — ^The fogs 

WTuU causes , , , ^ -^t ^ -i, -i . 

the Newfimnd- on the banks of Newfoundland are owing 
land fogs? ^^ ^j^^ mixturo of cold winds from the 
north, with the warm air of the gulf stream, which 
passes along that part of the ocean. 

170. Cloud-capped mountains. — The 
^wds^ wo- temperature of the air at high elevations 
dwied on high js alwavs lower than at the general level 

mountains F ^ _ , . , •. 

of the earth. As the warm breeze comes 
up from the warmer valleys, the two currents min- 
gling, produce clouds. A clear atmosphere through- 
out a whole day is rare, on high mountains. 

171. Dbw point. — ^It has been already 
What i' the gggjj ^Yiat air has to be cooled more or less 

dew point r 

before it yields moisture, according to the 
amount which it contains. If it contains about one 
cubic inch to the cubic yard, or, in other words, is satu- 
rated, the least cooling will cause the appearance of 
visible moisture. If it contains half as much, it must 
be cooled down to 50° F. If it contains less than half 
as much, still more refrigeration is required. The 
temperature at which the deposition be- 
gins in any case is called the dew point. 

„ ^ 172. How TO FIND THE 

Mow can the 

dew point be DEW POINT. It is COmmOU- 

foun ly found by adding ice, lit- 

tle by little, to a glass of water con- 
taining a* thermometer. As the water 
grows cool, the glass cools also, and as a 
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consequence, the exterior air immediately in contact 
with it. After a time, moisture begins to deposit. The 
temperature at which this occurs is noted, and is the 
dew point. 
„ , , 173. Dew. — ^The earth cools, as has 

JExplatn the 

formation of been before stated, every clear night, by 
^^' radiation. The air in immediate contact 

with it, becomes thereby so much cooler, that it cannot 
retain all its water in the form of invisible vapor, and 
the deposition of the surplus in the form of dew is the 
consequence. 

174. Grass and foliage receive most dew 
^^foU^eV!- because they are good radiators, and losing 
ceive the moH their own heat most rapidly, cool down 
the air sufficiently to cause a deposition of 
its moisture. The soil itself, and stones, receive less, 
or none at all, because they do not, by their own ra- 
diation, become sufficiently cool to produce the same 
effect. Dew does not form on a cloudy night, because 
the clouds radiate heat to the earth and thus prevent 
the requisite cooling. 

176. Capacitt for vapor : expansion 

hnownthatthe ^^^ THE CAUSE. ^It mUSt UOt be SUppOSed 

tnereoMed ea- that the increased capacity of air for va- 

paeity of air _ . , , /. , . 

for moisture por, which results from heating, is owmg 
^xpmH^f ^* to its expansion. Air does indeed expand 
about one-twentieth between 60° and 100°, 
but its capacity for moisture is quadrupled by the same 
rise of temperature. 
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176. Absorption not the cause. — It 

a^ a^^^* ^® °^^ uncommonly supposed that the air 
turn 18 not the acts to absorb vapor as a sponge does to 
**"** draw up water. "The term " saturated,^^ 

used for convenience in scientific works is calculated 
to give this impression. But vapor rises just as well, 
and even more rapidly, into a vacuum, or space from 
which all the air has been removed. 

What then is 177. INCREASED DENSITY OF VAPOR THE 

the caused CAUSE. — The air absorbs any vapor that 
may be formed, whether more or less dense. At higher 
temperatures, denser vapor is produced. It follows that 
the air will contain more water, in proportion to the 
elevation of its temperature. 

178. Removal of air does not in- 

Does the remo- t. • i . i 

vol of air' in- CREASE THE QUANTITY. ^It might be SUp- 

^^rn^tion ^0/ posed that more water would rise into a 
vapor f vacuum in the form of vapor, than into a 

space filled with air, on the ground that the removal 
of the air would make more room for something else. 
But this is not the fact. The presence or absence of 
air makes no difference. 

179. Several gases and vapors may 

I>o vapors and t. /. n j* 

gases exclude OCCUPY THE SAME SPACE. ^It foUoWS from 

each other r ^j^^ j^^ paragraph that vapors do not dis- 
place the air ; they penetrate it instead. And it is a 
remarkable fact, that a number of vapors may occupy 
the same space without interfering with one another ; 
and each in the same quantity as if the rest were absent. 
Displacement is, however, effected by a sufficiently rapid 
flow of vapor, as when steam expels air. 
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Oivetheexam- 180. Thus, as much watcf will rise in 
P^ vapor into a jar of air as if it were a va- 

cuum. And, in addition to this, as much alcohol and 
ether successively, as if the jar were entirely empty. 
The tension or pressure from within, outward, is, of 
course, increased by each additional vapor. 

181. Moist air lighter than drt.^- 

Why IS moist ,, , , , 

air lighter It would naturally be supposed that air 
than dry air i containing moisturc, would be heavier than 
air containing none. And it would be so, but for the 
fact that the presence of vapor causes the air to ex- 
pand slightly, and grow lighter, and this to an extent 
more than sufficient to compensate for the increase of 
weight. 



BOILING. 

182. Weight of the atmosphere.— 
wovfdthalt^ As an introduction to the subject of boil- 
aimosphere ing, it will be ncccssary to consider the 

pressure of the atmosphere. The earth is 
surrounded by an atmosphere, estimated to be fifty miles 
high. It is very light compared with the earth itself, or 
with water. But it has weight, as may be proved by 
weighing a bottle full of air, and then pumping out 
the air and weighing it again. The empty bottle will 
be found to weigh less than the bottle full of air. 

183. Another proof of the weight 

Give another __. , . , • i_ • 

proof that air OF THE AIR. — That the air has weight, 18 
hat veiffht. again proved by tying a piece of bladder 
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met a glass cylinder, opeu at both ends, placing the 
open end air-tight on the plate of an air pump, and 
then exhausting the air* The pressure of the column 
of air that stands on the bladder is sufficient to break 
it, and the air settles in, as effectually as if it were a col- 
umn of iron. The atmosphere exerts such pressure, 
amounting to about fifteen pounds to every square inch, 
on all parts of the surface of the earth. 

184. A SIMPLE MEANS OF PROOF. 

J)e9crib€ a 

umpie meaM Wind a stick with cotton and press 
%J^'^^ha9 i^ ^^ ^^® bottom of a test-tube, con- 
wnghu taining enough water thoroughly to 

moisten it. It will be found difficult to withdraw 
the piston. The difficulty arises from the fact that 
the column of air which rests upon it, must be 
lifted at the same time. Having raised it a little way 
and released it, the piston flies with force to the bot- 
tom, owing to the weight of the same column of air. 

185. Elastic force of the atmosphere. 
O^^tJhvc Every cubic inch of air at the surface of 
U9 ela^ic the earth, may be likened to a piece of in- 
dia-rubber, which has been compressed into 

the space of a cubic inch, by a heavy weight placed on 
it. If we suppose a piece of rubber, while thus com- 
pressed, to be confined in a strong metallic box, it would 
evidently exert an elastic force in all directions, equal 
to the force which compressed it. So the lower por- 
tions of air, which are kept compressed by the air 
above, exert elastic force. And it is better to regard 
the pressure of fifteen pounds on every square inch of 
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the surface of the earth, as a consequence of the elastic 
force of the lower portions of air, rather than the direct 
effect of the weight of the whole air. The weight of 
the whole atmosphere produces the elastic force of the 
lower portions by compressing them, and the elastic 
force of the lower portions exerts the pressure. 

Why are we 186. WhT TJIE PRESSURE OP THE AIR 

not crushed by jjo^g ^qj> crush US. — ^If a thin glass ves- 

ihe pressure of ., i i . . • 

the atmo- sel Were turned upside down, and air-tight^' 
sphere f upon a table, it would collapse but for the 

fact that it is filled with air, which, according to the last 
paragraph, has elastic force equal to that of the air 
without. So our bodies would collapse, but for the fact 
that our lungs, and all of the cavities of the body, are 
filled with air, possessing thd same elastic force as the 
external air ; a force which it had acquired by compres- 
sion, before it was taken into our bodies. 

187. Q,UANTITT OP WATER THE PRES* 
WTiat sustains yi* 

the water in SURE OP THE AIR WILL SUSTAIN. It a 

t^fM^fre- tumbler be filled under water, and then 
sented in the lifted to the surface, as 
"^^^^ represented in the fig- 

ure, it is well known that the wa- 
ter will not run out. The pressure 
of the atmosphere on the surface of 
the water outside, keeps the water forced up on the in- 




188. The effect would be the same if 

ty of*^^*water the tumbler were twice as tall, or if we 

n!Lii^f ^*^ suppose it lengthened into a tube thirty* 

three feet long. If a still longer tube 
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were used, it would be found that the level 
of the water inside, would never be more than 
thirty-three feet above the level outside. The 
remainder of the tube wonld be empty, as re- 
presented in the figure. In other words, the 
pressure of the atmosphere will sustain a col- 
umn of water thirty-three feet high. Water 
rises in a pump from this cause. 

189. Quantity op mercurt the 

How manv 

inchetofmer- PRESSURE OF THE AIR CAN SUSTAIN. 

eury will the In performing the experiment of 

air nutain f , , t • , 

the last paragraph with mercury, it 
will be found that the level within the tube, will 
be thirty inches above the external level. In other 
words, the pressure of the atmosphere will sustain a 
column of mercury thirty inches high. 

190. If a long tube is used, there is, of 

Explain the , ___ . 

ibrieeUian course, an empty space above. This is 
vacuum, ^^j^^ ^j^^ Toriccllian vacuum, from the 

fact that a vacuum was first produced in this manner by 
an Italian philosopher, named Toricelli. It is not an 
absolute vacuum, a small portion of mercury being al- 
ways present in the space in the form of transparent 
vapor. 

191. Boiling. — Thus far we have con- 
b}f the term sidered solely the formation of vapors from 
boiling? the surfaces of liquids. But where any 

liquid is heated up to a certain point, vapor forms in 
bubbles below its surface. The production of vapor 
with ebullition is called boiling. 
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,^ , . ,^ 192. Water begins to boil when it i$ 

What 18 the ^ 

hoiUng poini heated up to 212^ ; alcohol, at 173^ ; and 
oj^tther f ether, at %^. As the proper temperature is 
OfaicohoU fijst reached at the bottom of the vessel, 
near the fire, the formation of bubbles begins there ; 
and as the surplus heat comes in below, they continue 
to be formed at this point. 
Every liquid has its own boil- 
ing point. 

How much 193. EXPAN- 

^m double giQjj ijj BOILING. 

tnehes of wa- 

ter, alcohol, A CUblC inch of 
and ether re- ^ i. -i j • 

nectively pro- ^^tcr bOllcd m 

^^^ an open vessel, 

produces 1696 cubic inches 
of steam. A drop one-tenth of an inch in diameter, 
would make enough to fill a vessel of the diameter 
of one and a fifth inches. A cubic inch of alcohol 
|»roduces about 500 cubic inches of alcohol vapor ; one 
of ether about 250. The ether vapor is most dense, 
that of alcohol next, and the steam 
least so. 

194. Disappearance of 

What is said ^ «/• 

of the disap- HEAT IN BOILING.— If a 

pearaneeof thermometer be held in 

heattnhoUingf , ... . . ,. 

boihng water, it indicates 
a temperature of 212^ P. Continue 
the fire, and although heat constantly 
passes up into the water through the 
bottom of the vessel, it grows no hot- 
ter. The steam which is produced has 
4# 
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also precisely the same temperatuie. Neither water 
or steam are hotter, although both have been con« 
■tantly taking in heat. But the heat has not been 
without effect, any mcNre than in the conversion of a 
solid into a liquid. It has combined with the liquid 
to fwmh the steam. In this case, also, the heat which 
disappears is called latent heat. 

195. Relatiobt or pbessitsb to bou^ 
Hwdoeipres' ino. — ^lu order that a bubble of steam may 
hoUi^T^ form, it is necessary that a small portion 
of water, shall expand into a comparatively 
large portion of steam to form it. But the atmosphere 
is constantly pressing on the surface of the water, and 
acting through the water, in all parts of the vessel, to 
prevent any separation of particles or expansion. The 
case is similar to that of a piece of india-rubber com- 
pressed beneath a mass of iron : it cannot expand ow- 
ing to the weight of the iron. 
^ , . , 196. Heat overcomes pbxssube* — ^But 

Explain how 

heaioverameB if We could by some means mcrease the 
preisure, elasticity of the india-rubber, it would ex- 

pand and lift the iron. So, if we can in any way in- 
crease the tendency of the particles of water to sepa- 
rate, it will finally be strong enough to overcome the 
pressure of the atmosphere above and affect separation. 
Heat has this effect. As the water becomes hotter, 
the tendency of its • particles to fly apart becomes 
greater and greater, till, at last, it is sufficient to over- 
come the pressure which has before crowded them to- 
gether, and a bubble of steam is formed. Others im- 
mediately follow, and boiling thus commences. This 



takes place at 212^ Fahrenheit, which is therefore called 
the boiling point of water. 

_ 197. ErFECT OP HEIGHT OW BOILINO. 

WTuU effect ^ , . i , . . 

ha9 hetgkt on At great elevations, the atmosphere is, m 
hailtng f £g^^^ lighter, and there is less of it above 

us, and the consequence is that water boils on moun- 
tains, at a lower temperature ^an in the valleys below. 
It is found, by careful observation, that an elevation of five 
hundred and fifty feet above the level of the sea, makes 
the difference of one degree in the boiling point. 

198. Measurement of altitudes. — 
^^a/o/ ^^ "I'^^i^ ^^^ ^^"^ established, a tea-kettle and 
wwuntavM U a thermometer are the only requisites for 
taking the height of a mountain. The 
summit being reached, the tea*kettle is boiled, and 
the heat of the water tested by the thermometer. 
If the mercury stands at 211^, it is known that the 
height is 550 feet ; if at 210^, the height is 1100 feet; 
and at whatever point it stands, it is only necessary to 
multiply 650 by the number of degrees depression of 
the mercury below 212°, to ascertain the elevation. On 
the top of Mont Blanc, water was observed by Saus- 
sure to boil at 184°. This gives us the means of calcu- 
lating very closely the height of that mountain. 
„- ^ 199. Effect of depth on boiling.— 

What effect ^ , ^ ,_.,_. j 

kai depth on In mmcs the atmosphere is heavier, and 
hoUxngt \}ciiQx^ is, besidc, more of it above us, than 

at the surface of the earth. Water must, in consequence, 
be more highly heated before it will boil. 660 feet 
makes, as before, a difference of one degree. We are 
thus provided with a simple means of determining the 
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depth of mines. Owing to various causes, the atmo- 
sphere at the same elevation is a little heavier some 
days than others, so that the height of a mountain or 
the depth of a mine, as thus measured, would not be 
always precisely correct. 

200. Abtificial change of boiling 
MUnp^^fxd^ POINT. — ^It is obvious, from what has already 
of liquidt be been Stated, that all it is necessary to do to 
change the boiling point, is to change the 
pressure of the atmosphere, on the surface of the water 
to be boiled. To produce this change of pressure, it is 
not necessary to ascend mountains, or to descend into 
mines ; it may be done by removing the atmosphere 
by artificial means. This would be done by attaching 
a tube, air-tight, to the mouth of a test-tube or 
flask and drawing o£f the air by means of an 
air pump. Cold water may thus be caused to 
boiL Se by pumping more air into the flask, the 
pressure would be increased, and the boiling point 
elevated; and by this means boiling water 
would be prevented from further boiling. This 
subject is further considered in paragraph 204. 
^ ., , 201. Culinary PARADOX. — Boil some wa 

ue$eribe the , _ , , . . , , 

euiinmry par- ter in a test-tube, and then cork it tightly^ 
?**•' while steam is still issuing from its 

mouth. Though removed from the fire, the wa- 
ter will still continue to boil. This will be best 
observed by inverting the tube, as the bubbles of 
steam form more rapidly from the cork surface 
than from the glass. A few drops of cold water 
sprinkled on the tube will occasion a more violent 
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ebullition; while on the other hand, boiling water, 

or the applicatioD of flame, will cause the boiling to 

cease. 

„ , , . 202. Explanation. — The priDciple is 

Expfmn the . . , • « 

priHcipU of the same as in the experiment of para- 
^a^"^"^ graph 200. As the steam condenses, by 
the cooling influence of the air, a partial 
vacuum is produced, with diminished pressure, which 
enables the water to boil with less heat. Cold water, 
by condensing the steam and removing the pressure 
more perfectly, increases the ebullition, while boiling 
water or flame renews the steam, and consequent pres- 
sure, and therefore checks boiling. 

. , 203. Water HAMMER.^The test-tube 

Deteribe the _ , . , /. ^ , 

'* Water Bamr prepared as above, is a simple form of the 
"*^''' " water hammer." If very thoroughly 

cooled, and then shaken with the kind of motion which 
would be required to make a bullet rise half way in 
the tube and fall again, the water will strike like lead 
on the bottom. It is because there is no air and but 
little vapor present to break its fall. 

204. Sugar boiling. — When syrup 
rwbe*^boUed is boiled down under the ordinary pres- 
below 212 F.f gyyg Qf ^(jg atmosphere, it is apt to be 

browned or injured in flavor. By boiling it in a pan 
with an air-tight lid, and pumping off the air, and the 
vapor as fast as formed, boiling may be easily effected 
at a temperature as low as 150°. This method is put 
in practice by sugar boilers, and the disadvantages above 
mentioned are thus avoided. 
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... 206. In cooking, this method could 

Can food he ^ , , ° , . , 

tooked hy the not DC employed. The water might, m- 
iomc nuthod f j^^j ^ ^^^^ ^^ ^j^jj ^^ ^gQo^ ^ut the bolling 

water, owing to its less heat, would not have the effect 
of water boiling at 2120. Many vegetable juices and 
infusions which are used for medicines, and would be 
injured by a high temperature, are boiled down, like 
sugar syrup, under diminished pressure. 

206. Singing of the tea-kettle. — 
wnJiV^V the The singing sound which precedes boiling , 
ua-ketOe. jg owing to the collapse of the first bubbles 
of steam, as they rise into the colder water above. 
The very first bubbles that form are not steam, but air 
which the heat expels. Steam bubbles are then formed, 
which rise a little way, and, being reconverted into water, 
contract, and finally collapse. If the heat is continued 
and the water made hotter, the next are able to rise 
further. Finally, when the water becomes as hot as 
the bubbles, they make their way through, and boiling 
is thus commenced. 

What ia a 207. Steam BOILERS. — The boiler is the 

iieam boiler f yessel in which steam is formed. Prom 
the boiler it passes to other parts of the apparatus to 
move the machinery. Steanj boilers 
are of various forms, but are always 
made of great strength, to resist the 
internal pressure to which they are 
subjected. 

Explain the 208. The figure repre- 

•^^^ sents an ordinary steam boiler, with 




the pipe which conTeys the steam to the engine. A 
safety-yalve is also represented, which will be more 
fully explained in another poragra^^. • 
_ 209. Elastic force of steam. — ^Uoder 

How great m _. , . . - 

the eUutie ordinary circumstances, the elastic force of 
foreeof9teami g^^j^jj jg obviously equal to the elastic force 
or pressure of the atmosphere. A man who rises from 
a chair with a fifty-six pound weight on his shoulder, 
must exert an extra muscular force, equivalent to fifty- 
six pounds, in rising ; and he must continue to exert it 
while he stands. So every bubble of steam must have 
an elastic force equal to that of the air which it lifts, or 
it cannot be formed under the pressilre of the atmo* 
Inhere, or continue to exist when once formed. 

210. Elastic force, how increaseb. 
d^e/w^eqf ^ ^^^S '^ ^^^ vcsscl, in which steam is 
9team increeu- made, is Open, the pressure is as stated in 

the last paragraph. But if the boiler is 
closed steam-tight, and the heat continued, more steam 
forms, and, crowding into the same space above the 
water increases the pressure. In other words, the space 
becomes filled with denser steam, of greater elastic 
force ; and the force is finally sufficient to burst the 
boiler, unless it can find some vent. 

211. Increased temperature accom- 

^mdes i^*^ PANIES INCREASED PRESSURE. Steam of 

created pre*- high elastic forcc Can only be made in a 

tureqfeteamf . , »^ . 

close vessel. But m proportion to the 
increase of elastic force, is the increase of pressure on 
the surface of the water. Therefore, the boiling point 
becomes higher and higher, or, in other words, the wa« 
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tar has to grow constantly hotter, in order that steam 
may form ; and as steam always has the temperature 
of the water with which it is in contact, the steam 
grows constantly hotter also. 

212. The exact relation of tempe- 

How can the -r • -i • i i 

exact relations RATURE TO PRESSURE. It IS deSU^ble tO 

hir»^o* WM- know the increase of pressure for each ele- 
iure be deter- vation of temperature. A steam boiler sup- 
plied with a barometer guage and a thermo- 
meter affords the means of ascertaining this rela- 
tion. Or it may be done by a very small boiler, made for 
the purpose. The barometer guage is nothing more than 
a bent tube fitted-into the boiler, open to the air at the top, 
and containing quicksilver in the lower part of the bend. 
We will suppose all the air to have 
been expelled from the boiler, the stop- 
cock through which it made its escape 
closed, and the whole interior to be 
filled with steam. As more steam is 
produced, pressure is increased, and -iM t±i 

the temperature of both water and steam rise, as before 
explained. 

Whatpreseure 213. Where the temperature has 
25o?*a7275i ^^^^'^^^ ^50^, it is found that the pres- 
at 294? £f<w sure of the steam, acting on the surface of 
u this shown f the quicksilver, is sufficient to force and 
hold the latter thirty inches higher in one arm of the 
tube than in the other. But the steam with which the 
boiler was filled when the stop-cock was closed, ex- 
erted a pressure of fifteen pounds per square inch, just 
sufficient to balance the pressure of the external air, and 
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WTuU is said 
of the elastic 
/orce of vapors 
at low tem- 
peratures ? 



% 



prevent its forcing the quicksilver before it and crowding 
into the boiler through the tube. As before stated, when 
the thermometer reaches 250^, it is found that the denser 
steam will not only balance the atmosphere, but has 
force enough to lift the mercury thirty inches, which is 
equivalent to another atmosphere. Steam at 250®, and 
in contact with water, is therefore said to exert a pres- 
sure of two atmospheres, or thirty pounds to the square 
inch. At 275° it has a pressure of three atmospheres; 
and at 294®, of four. 

214. All vapob has elastic force. 
The apparatus just described shows the 
pressure of steam at and above 212 degrees. 
But vapor of water has elastic force at all 
temperatures. This is best shown by passing a little 
water up into a Toricellian vacuum, and observing the 
effect. The water is introduced by blowing it [ 
through a glass tube, one end of which is brought 
under the mouth of the inverted tube. The 
drop rises and floats on the mercury, and as 
vapor forms at all temperatures, a portion of 
it is immediately converted into vapor. At 
the same time the level of the mercury is de- 
pressed. It is crowded down in opposition to 
the pressure of the air outside, by the elastic 
force of the vapor formed. For the sake of 
simplicity, the space above the mercury was 
supposed to be a vacuum, but the effect is the 
same as if it is filled with air. For, as has 
been already shown, vapor is produced as well in 
air as a vacuum, and with the same elastic force. If 
the top of the tube is warmed, denser vapor is formed 
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possessing greater elastic force, and the mercury sinks 
lower, till at 212^ the elastic force within, is equi- 
valent to the pressure of the atmosphere without, and 
the mercury is pressed down to the external level. 
Explain the 215. Bakometer-guage. — ^The princi- 

eonMruetUm pie of the barometer-guage has already 
the bartmeter- been explained. A few words will be 
^^^^' added here as to its use and construc- 

tion. It is always desirable to know the pressure 
in a steam boiler, as an evidence of safety, and in 
order that the fires may be regulated accordingly, 
and no more fuel be consumed than is necessary. 
Sometimes the tube containing the quicksilver is of 
glass, and then the height of the mercury can be seen. 
In other cases it is made of iron, and the change of 
level of the quicksilver is indicated by a float. 

216. Other steam guages. — ^A ther- 

Explainthe - , 

thermometer' mometer may be made to answer, perfectly, 
^*^'' the purpose of a steam guage, as is evi- 

dent from what has been said in paragraph 213. The 
advantage of such a guage is, that it takes but little 
room ; its disadvantage, that it is liable to be broken. 

217. There is still another kind of guage, 
prmeipie of in which the force of the steam operates 
another guage, ^^ ^ metallic spring, which moves an index 
more or less, according to the pressure. The spring 
guage is commonly used in locomotive boilers. 
E I in the ^^^' Actual pressure in difperent 

d^erence be- ENGINES. — The actual pressure of steam, 
hwpresmre uscd in different forms of the steam en- 
mffinet. ^^^^ varies very widely. There are low 
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and high pressure engines. In the former, steam of 
ten to thirty pounds effective pressure is used ; in the 
latter, the pressure often reaches, and sometimes ex- 
ceeds, seventy-five pounds. To measure the pressure, 
the steam guage described in paragraph 216 would have 
to be five or six feet long. It is on account of this in- 
convenient length, that other guages are often substi- 
tuted. 

Whatumeant 219. By effective pressure, is meant the 
by efeetive surplus over and above that which is neces- 
^**"*^* sary to counterbalance the pressure of the 

atmosphere, or that of the uncondensed steam, on the 
opposite side of the piston. 

Explain and ^20. Safett- VALVE— The safcty-valve 
uiusirate the is a coutrivance, by means of which the 
^Z^feiy steam finds vent through a hole in the 
valve, boiler, whenever its force becomes too great 

for safety. A piece of metal shaped 
somewhat like a decanter stopper, fits 
into the hole above mentioned, and is 
loaded by a weight, which can be made 
greater or less at pleasure. As long as the steam has 
not too great pressure, the stopper continues in its 
place, and the boiler is as tight as if it had no such 
opening. When this pressure is exceeded, the valve is 
lifted, and steam escapes. The stopper, being loaded, 
falls back again, as soon as the pressure is relieved. 

221. The steah engine. — The power 
fnwHpie of applied in the steam engine is the elastic 
the gteamm- force of Steam. The figure represents a 
^ eylmder and close fitting piston/ and tubes- 
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through which steam maybe admitted at pleasure, either 
above or below. When the valve in the 
lower tube is opened, the steam under pres- 
sure in the boiler, expands and enters the cyl- 
inder, lifting the piston. If the steam is next 
admitted above, it drives the piston back 
again, and the latter may thus be kept in con- 
stant motion, and made to move wheels, 
shafts, or other machinery. It is only necessary, that 
whenever steam enters, that which is on the other side 
of the piston shall jfind its way out, into the air. Valves 
are provided for this purpose, which are opened and 
closed, at the right time, by the machinery which the 
piston itself moves. 
,^ , , 222. High pressure engine.— The en- 

Whatisahigh -i -. . 

preaure en- gme, here described, is called the high pres- 
^*'*' ' sure engine. The steam which moves it, 

must evidently have elastic force greater than that of 
the atmosphere, or it cannot expand and drive out the 
waste steam, in opposition to the elaistic force of the 
air. Steam of much higher pressure is used in such 
engines, than in those to be next described, and hence 
their name. 

223. Low pressure engine. — ^The 

^^"ipfJlf. same figure will answer to illustrate the 

ifie low pres- Iqw prcssure engine. The difference is, 

ure engine, ^^^^ ^^^ Steam which has been used is 

not driven out, but disposed of, on the spot, by con- 
verting it into water. The advantage of this will 
be readily perceived. Suppose the space above the 
piston to be full of steam. A jet of water is made to 
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play into it and condense the steam, and thereby pro- 
duce a vacuum. When, inmiediately afterward, steam 
is admitted below the piston, the latter has nothing on- 
the other side to drive out, and consequently rises more 
easily. As less force is required, steam of lower pres- 
sure may be used, with a corresponding economy of 
heat and the fuel required in its producton. 

224. The condenser. — ^In steam en- 
uae and*objeet S^^^^i ^ ^^^ made, the Water used to con- 
^y*^ «»*• dense the steam, does not come into the 

cylinder itself, but into a side vessel, called 
the condenser. The steam expands into this vessel, and 
is condensed, producing a vacuum in the cylinder 
itself, as effectually as if the water were there intro- 
duced. The object of the modification is to avoid 
cooling the cylinder, and thereby diminish the ef- 
fect of the steam subsequently entering from the 
boiler. This engine is called the low pressure engine, 
from the fact that steam of lower pressure may be em- 
ployed to move it than is the case with the engine pre- 
viously described. It may, indeed, be made to run 
with vapor formed below 212^, instead of steam. But 
in practice, steam of from ten to thirty pounds effective 
pressure is employed. 

226. Original steam engine. — In the 
f^in^i^ original form of the steam engine, the pres- 
fHretsureen- ^h^q of the atmosphere, instead of steam, 

was applied on one side of the piston, and 
it therefore received the name of the atmospheric engine. 
Suppose the cylinder in the last figure to be open at 
the top, and the piston at its full height. On condens* 
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log the steam below it, the piston would evidently sink, 
in consequence of the pressure of the atmosphere. By 
thus employing stemn pressure on one side, and atmo- 
sfdieric pressure on the other, a constant motion would 
be realized. But the effective power would evidently 
be less than in the low pressure engine, because part 
it would have to be expended each time in lifting 
the piston, in opposition to the pressure of the atmo- 
sphere. 

226. A test-tube provided with a pis- 
^/r***** ^^^ made of cork, or better of wood wound 
with cotton, suiSices perfectly to illus- 
trate the source of power in the steam engine. On 
boiling a little water in the tube, the 
piston rises. On dipping it into cool 
water, and thus condensing the steam, 
the piston is forced down to the bot- 
tom, as in the original form of the 
low pressure engine. In the ascent 
of the piston, the analogy is not 
perfect ; for it is, in this case, the 
production of new steam, and not, as in the steam en- 
gine, the expansion of steam already produced, that 
causes the piston to ascend. 
„ , . ^ 227. Steam used expansively. — It is 

Explain the . _ . , 

action of steam not uecessary m the steam engine, that 
%u!!de^^^''^ steam be made to flow from the boiler du- 
ring the whole movement of the piston, 
from one end of the cylinder to the other. When the 
cylinder is partly filled, the supply is cut off, and the 
steam already introduced forces the piston through the 
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remainder of the distance, by its own expansive force. 
By this arrangement, instead of using a cylinder full 
of steam at each movement of the piston, only one* 
fourth, or even less, according to its density, suf- 
fices. Steam employed in this manner is said to be 
used expansively. The term is applied especially to 
this case, although it is a fact that steam always acts 
expansively. 

228. Conversion or vapo&s into li« 
^,^Jud <iun)s.— If a vapor, in any way, loses its 
ifUo liquids f latent heat, it at once becomes liquid. If, 

^'^'^ for example, steam be led into a cool pipe, 

the metal abstracts the latent heat, and the steam be- 
comes water. At the same time, the heated pipe im- 
parts warmth to the air around it. 

229. Heating houses by steaic— 

How are . * i -i 

houtes heated Houses are thus heated, by steam pipes 
by steam f passing through the various apartments. 
The pipes abstract the heat, and give it out again to the 
air of the house. The steam thus converted into wa- 
ter, runs back into the boiler to be reheated, and to start 
again on its journey. And as long as heat is supplied, 
the water continues its service as a carrier of heat. 

230. Water heated by steam. — When 

ffow is water . i -, • i /*• • » 

heated by Steam IS led into water, the effect is the 
'^^^^^ same as on leading it into a cold pipe. 

The water abstracts its latent heat, and becomes hot, 
while the steam itself becomes additional hot water. 
Water in different parts of a room, or even of a large 
manufacturing establishment, may thus be made to 
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boil by one fire ; steam being led into it, by long pipeSy 
from a single boiler. 

Prove thai 231. PboOP THAT BOILING IS EFrECT- 

*/ *1*T 6* ^"^7 ^^ ^^ LATENT HE AT.^No aoiount of boiling 
etfit heat. Water, if poured into cold water, will make 

it boil. But steam no hotter than the boiling water, if 
led into cold water, will have this effect. Now, as both 
the hot water and the steam were the same in respect to 
sensible heat, if the steam effects what the water does 
not, it is evident that it must do it by hidden, or latent 
heat. It is only latent heat which the steam loses, for 
it becomes itself converted into equally hot water. 

232. Quantity of latent heat. — ^A 

How much ta- ' ^ J* ^ n i i 

tent heat does pmt of water Will make enough steam 
tuamcofuaini ^^ gjj ^ ^^^^^ nearly four feet in diameter. 
If this amount of steam could suddenly become a pint 
of water, and be prevented from flying off into steam 
again, it would become red hot. The latent heat of the 
steam would have raised the temperature from 212° to 
1212^ — a thousand degrees. Steam is therefore said to 
contain 1000 degrees of latent heat. Vide App. 

233. Sum of sensible and latent 

^latio^no^ HEAT ALWAYS THE SAME. ^Vapor formcd 

9efmbie to la- by the heat of summer, occupies more space, 
and contains move heat, in a latent condi- 
tion, than is contained in steam. And it is found to be 
a universal fact that, just in proportion as vapor or 
steam fe<h' cool, or indicates a lower temperature to 
the thermometer, it contains more latent heat to the 
same quantity of water. The sum of the sensible and 
latent heat is always the same -about 1200^ degrees. 
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Why is there ^34. EcONOMT IN ETAPORATION. ^It foI» 

no economy in lows that evaporation at low temperatures, 

evaporatina at , . . , ' ' 

low tempera- sucii as IS practiced sometimes in sugar- 
turetf houses, has no advantage of economy. 

The vapor that passes off, carries with it less sensible 
heat, but enough more latent heat in proportion, to make 
up the difference, 
r^ r .r 235. Dis^iLLATioN. — ^Distillatiou con- 

Detcrtbe the 

process nf dis- sists in Converting a liquid into vapor, and 
atum, recondensing the vapor. The apparatus 

represented in the figure, 
suffices for illustration. 
Water being boiled in the 
test-tube, the steam con- 
denses in the cooler vial. 
If the latter be covered 
with wet paper, the con- 
densation is more perfect. The apparatus commonly 
used in distillation, consisting of retort and receiver, is 
represented in the appendix. 

236. Object of distillation. — The ob- 
%^rf dU. i®^^ ^f distillation is commonly to purify, 
iUlationf or, in Other words, to separate the liquid 
V xa p distilled, from other substances with which 
it may be mixed. Thus, sea water is distilled to sepa- 
rate the pure water from salt. The water becomes 
steam, and is condensed as pure water, while the salt 
remains behind. So alcohol is distilled, or converted 
into vapor, and recondensed, to separate it from water, 
and the various refuse matters which are mixed wiih 
it after fermentation. But the separation is not per- 

5 
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feet, for, althoagn alcohol is more volatile, and distils 
more rapidly, a portion of water always distils with it. 
Distilled liquors, therefore, always contain a certain 
proportion of water. 



What proper' 
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CHAPTER IV. 

ELECTRICITY AND MAGNETISM, 

237. Native magnets. — The native mag- 
tUahaMiheno' net, or loadstone, is a mineral which has 
Hw magnet f ^j^^ remarkable property of attracting me- 
tallic iron to itself, and of taking north and south di- 
rection, when suspended and free to move. Particles 
of iron brought near, rush toward it, and remain at- 
tached to its surface, without any visible cause. It ex- 
erts this attractive force just as well through wood, 
stone, or any other material, as through the air. 

238. Artificial magnet. — The same 
Describe an ,.<!.* 

artificial mag- properties may be imparted to a piece of 

***• steel, by a process to be hereafter described. 

Such a piece of steel thereby becomes itself 

a magnet. Magnets are often made of a shape 

approaching that of a horse-shoe, the two 

poles being brought near to each other. A 

piece of soft iron, called an armature, is placed across 

the end to prevent the loss of magnetic power, which is 

found otherwise to occur. 

239. Magnetic needle. — If a steel bar 

What it the 

magnetic nee- be made iuto a magnet, and then balanced 
^^^ on a pivot, it will turn, until one end points 

north and the other south. That which 
moves toward the north is called the north 
pole, and the other end the south pole. 
A small bar thus balanced is called a mag- 




ena points 
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netic needle, and is the essential part of the mariner's 
compass. 

240. Attraction of magnbts for each 

ffowdotha mi 1 i» .1 

poles of mag- OTHER. — The law of attraction between 
«ttcA^M*r/ naagnets is, that unlike poles attract, and 
like poles repel. The north pole of one 
magnet, therefore, attracts, and is attracted by the south 
pole of another. 

241. Why the magnetic needi^e points 
magnetie nee- NORTH. — ^lu accordance with the law stated 
du point in the last paragraph, the tendency of the 

magnetic needle to point north, may be ac- 
counted for by supposing the south pole of an enor- 
mous magnet, to exist somewhere near the north pole 
of the earth. If we call the end of the needle which 
points north its north pole, it is evident that the sup- 
posed pole at the north must be a south pole. For the 
same reason, we might suppose the north pole of an 
enormous magnet to exist near the south pole of the 
earth. Connecting these poles, we should accordingly 
have an immense ms^net running through the earth 
from north to south. This supposition will account 
for many of the phenomena of magnetism ; but it is 
not supposed to be the true one. Another theory is 
presented in a subsequent paragraph. 

242. Induced magnetism. — ^When a 
So^'^o/' P^®^® ^f ^^^" ^^ brought near to a magnet, 
magnetitm, in the iron rcceivcs magnetism, by induction, 
9oft iron, ^^^ becomes itself, temporarily, a magnet. 
If approached to the south pole, its adjacent end ac- 
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'^nipes north, and the remote one south polarity, and 
mutual attraction results. By virtue of its ac- 
quired or induced magnetism, it will attract an- 
other piece of iron, as is represented in the figure, 
and affect it in all respects similarly. From the 
second key, another smaller one may be sus- 
pended, and from this another, and so on. It is 
only necessary, that each successive object shall be 
smaller than the one to which it is attached. The 
magnetism thus acquired is only temporary in the case 
of iron, but in the case of steel it is, in some degree 
permanent, and may, by the proper means, be rendered 
entirely so. 

243. DiAMAGNETisM. — ^If a ucedle of 
Whaii9 9aid Jj-qj^ be hung, by a thread, between the 

of diamagnet- oi j j 

(tmf poles of a horse-shoe magnet, it immedi- 

ately turns, so that one of its ends points 
to the north pole, and the other to the south. This 
is also a consequence of induced magnetism, as ex- 
plained in the preceding paragraph. The metal nickel, 
oxygen gas, and many other substances, both solid, 
liquid, and gaseous, are similarly attracted by the 
poles of a magnet, though in a much less degree. All 
bodies which are not attracted are repelled, and if sus- 
pended between the poles, turn so as to bring their ex- 
tremities as far away from the poles as is possible. 
The former class are called magnetic, and the latter 
diamagnetic bodies. To show the phenomena of at- 
traction and repulsion with gases and liquids, the mate-. 
rials are inclosed in tubes or bulbs. In the case of most 
substances, excepting iron, these effects can only be at*- 
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tained by means of powerful magnets and delicate ap- 
paratus. 

ELECTRICITT. 

244. Fbictional electricity. — If a 

tumal *eiCtH' gl^ss tube be rubbed with silk, it will after- 
«'y f ward attract to itself filaments of the silk, 

as a magnet attracts iron. Or, if the knuckle be ap- 
proached to the tube, a spark may be drawn from it. 
These phenomena are called electrical. Both glass and 
silk are said to be electrically excited. The same ex- 
periment may be made with a stick of sealing-wax. 

State theiheary 245, TheORY OF ELECTRICITY. ^AcCOrd- 

of electricity, j^g ^q ^^g vicw commonly entertained of 
these phenomena, both glass and silk contain two electri- 
cal fluids in a state of combination, which are so sepa- 
rated by friction, that the positive fluid of both ac- 
cumulates in the glass, and the negative in the silk. 
The positive sustains the same relation to the negative, 
that the north polarity of a magnet does to the south ; 
and, in consequence of the difference of the separated 
fluids, the two bodies containing them attract like op- 
posite poles of a magnet. It is also true, that similarly 
electrified bodies repel like similar poles of magnets. 
As in the case of heat and light, we know nothing of 
the electrical fluid, save by its effects. 
IUu9trate by 246. The human body may also be elec- 
exampiett. tricially excited, so as to yield a spark, by 
rapid sliding over a carpet. Gas may be lighted by the 
spark. The gas in certain manufactories is instantane- 
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oosly lighted throughoat the whole establishment by 
electricity developed by the frictioa of the machinery. 

247. Conduction of elcctricitt. — Like 
amduetum of heat or calofic, electricity may be conducted 
electricuy, ifoixi one body to another. Thus, if a piece 
of metal be electrically excited, or, in other words, 
charged with a quantity of either the positive or nega- 
tive fluid, another piece of metal will immediately be* 
come so on connecting it with the first by a metallic 
wire. The connection being formed, it will attract or 
repel filaments of silk or other material, precisely as the 
first one does. The fluid is supposed to flow from one 
piece of metal to the other, through the wire, and we 
therefore speak of a current of electricity. But it is 
not certain that any thing actually passes, any mora 
than in the case of light and heat before considered. 

248. Galvanic electricity. — It is also 
vanieeiectri' found that electricity is developed when 
^^^ ' two metals are placed in contact with each 
other, and with an acid at the same time, •♦— • 

as is represented in the figure. This is 
called galvanic electricity, from the name 
of an early experimenter in. the science. 
The acid acts on the zinc, and the cur- 
rent flows continuously in the direction 
indicated by the arrows. This apparatus is the sim- 
plest form, of the galvanic battery. 
_, , . 249. Electrodes. — For convenience in 

WluU 18 an 

lie trode f Certain experiments, it is customary to at- 
tach platinum wires, to the exterior portions of the me- 
tallic slips. These are called electrodes. The wire con- 
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nected with the copper fonns the positire electrode, and 
the one attached to the zinc, the negative. 

250. Platinum wire is chosen, because 

Why U plati' , . >. , . ^ . ^, 

nvmiutedfor there IS frcqueut occasiou to immerse the 
electrodes f electrodes in corrosive liquids, and this me- 
tal, for the most part, withstands their action. For 
many experiments, it is found best to flatten the ends 
of the wires forming the electrodes, so as to produce 
a larger surface. The same object may also be effected 
by terminating them with strips of platinum. 

251. Electrical condition of atoms; 

What i» the .,, ^ -I 1 • . 

electrical con- All atoms of matter are regarded as ongi- 
^omsf^'^ nally charged with either positive or nega- 
tive electricity. Hydrogen and the metals 
are electro-positive ; oxygen, chlorine, and cyanogen, 
and other substances, to be described hereafter, are ne- 
gative. A molecule of water is made up of a positive 
atom of hydrogen, and a negative atom of oxygen ; 
hydrochloric acid, of positive hydrogen and negative 
chlorine ; oxide of silver, of positive silver and nega- 
tive oxygen. The figure, in which + represents 
positive and — negative, may represent a mole- 
cule of either of the compounds named. 

252. dUANTlTY OF ELECTRICITY. The 

What quantt' /» ^ - « , . , 

ty of eketrici' quantity of electncity thus combined or 
Vl^f"^^ neutralized, in almost all kinds of matter, 
is enormous. Faraday has sht)wn that 
a drop of water, contains more than is discharged in 
the most violent flash of lightning. 

The terms atom^ and molectde, are aynonyinoiia. But "molecule** m 
Uihited, m the present work, to the particle of a compound. 
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263. Decomposition of water. — If the 
4ecompoMii<m electrodes are immersed in water, as repre- 
0/ voter. ggn^gd in the figure, the 

urater is decomposed, and separated 
into its elements. Bubbles of hydro- 
gen collect on the negative electrode, 
and bubbles of oxygen on the posi- 
tive, and finally disengage themselves, 
and rise through the water. 

254. It is to be observed that positive 

Why doet hy- ,, -i-^ i* . -, 

dfogen appear hydrogen IS liberated at the negative pole, 
tive*^^r ^ ^^ ^^^ latter had a power analogous to 
that of the magnet for iron, to draw the 
hydrogen out of the water, in which it exists combined. 
On the other hand, negative oxygen is liberated at the 
positive pole, as though the latter had the same attrac*- 
tive power for oxygen. The above figure is given 
solely for the purpose of illustration. The actual form 
of apparatus for decomposing water, by the galvanic 
current, is described in a subsequent paragraph. 

, , 255. Theory of the decomposition of 

Oive the tfieo- _^ . , , , 

ryof thede- WATER. — ^It IS a remarkable circumstance, 
wmpoeitwii, of jj^ ^j^g decomposition just described, that it 
continues to occur even when the elec- 
trodes are quite widely separated from each other. Now, 
a molecule of water is extremely 
small, and cannot occupy the space 
between the electrodes, if they are 
separated to any considerable ex- 
lent. The space must be occu- 
pied by many such particles, which, 
5* 
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for the sake of definiteness^ we will conceive of as dr- 
xanged iii straight lines, between the two electrodes. 
The circles in the figure, inscribed H and O, represent 
one of these lines of molecules. The difficulty now 
arises, to account for the fact, that when the hydrogen is 
liberated at the negative pole, the oxygen, combined 
with it a moment before, is not also liberated at the same 
point. The view to be taken of it is as follows : that as 
soon as the atom of oxygen loses its hydrogen, it combines 
with the hydrogen of the next molecule of water. 
The oxygen of this second one being thereby liberated, 
combines with the hydrogen of the next ; and this 
decomposition and recomposition continues throughout 
the series. The end of the series being reached, the 
last oxygen atom escapes in the form of gas. The action 
being simultaneous throughout the series, this evolution 
occurs at the instant that the hydrogen is set at 
liberty at the negative electrode. It is, therefore, 
quite as proper to give the explanation of the diffi- 
culty first stated, by beginning with the liberation of 
oxygen at the positive electrode, and supposing the 
hydrogen to combine with the oxygen of the next 
molecule of water in the series, and so on to the nega-' 
tive electrode, where hydrogen is evolved. The ac- . 
tion is, in fact, as before stated, simultaneous. 
„ , . , 256. Depositioi^ op metals. — ^The me- 

Explain the . . . . ^ « i • 

depoHHenof tals axe clcctro-positive. Oxygen, chlorine, 

vanu^^^"^' ^^'^ ^^ ^^^ ^^^^^ ^^^^^ "® negative. If, 

therefore, oxides, . chlorides, or cyanides 

of the metals are subjected to the action of the 

electrodes, they are decomposed, while the metal 
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goes to the negative, and the oxygen, chlorine, or 
cyanogen, to the positive. But the metals, when sepa* 
rated from their combinations, being solid bodies, can- 
not escape. They collect on the negative electrode, in- 
stead. If this be attached to a brass spoon or fork, or 
any other object it is desired to plate, the spoon be- 
comes itself the electrode, and the metal is deposited 
upon it as long as the action of the battery continues. 
At the same time, the oxygen, or other negative ele* 
ment, goes to the positive electrode, generally cor^ 
roding it, instead of passing off as gas. 
,^ 257. Silvering apparatus.— The re- 

tue u reyuired quirements for electro-silvering or gilding, 
^^*'^"^" are first, a battery of somewhat different 

form from that already described, though 
precisely the same in principle ; second, an acid to ex- 
cite it ; and third, a solution containing gold or silver. 
These will be described in turn. 

258. A convenient form of the 
apparatus is represented in the fig- 
ure, and may be prepared from 
sheet zinc and copper in a few mo- 
ments. It consists of a bent strip 

of the former metal, with a strip of copper 
Explain the fastened between the two portions. The 

figure. -^ 

metals should be within an eighth of an 
inch of each other, but without contact. To secure 
this, they are tied together with thread, bits of wood or 
cotton cloth being previously interposed. Copper 
wires being attached to the zinc and copper, as rep- 
resented in the figure, the apparatus is placed in a com- 
mon tumbler, and the battery is complete. 
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269. Before combining the battery as 
u the tine abovo described, it is best to wash the 

^dkitT^^r/ ^^^ "^^^^ ^^*P ^"^ water, and afterward 
with dilute sulphuric acid, and then to 
immerse it for half a minute or so in a solution of ni- 
trate of mercury. By this process, the zinc acquires 
a thin film of quicksilver, which afterward protects it 
from the action of the acid used to excite the battery, 
excepting when the current is completed. When the 
battery is in operation, it also has the effect of making 
the action, more equal and constant. It is then to 
be again washed, and newly immersed in the acid solu- 
tion. This solution is prepared by dissolving quicksil- 
ver, of the bulk of two peas, in nitric adid, and pouring 
the clear liquid into a tumbler of water. 

260. The exciting acid. — The exci- 

Itaw t« the ex- , , • . -i • •■ -i 

citing acid tuig liquid IS dilute sulphuric acid, consist- 
prepare ^^^ ^^ ^^^ p^^^ ^jj ^^ vitriol, to ten parts of 

water. The acid is poured into the proper quantity of 

water, and set aside to cool. 

„ . , .. 261. The silvering solution.— To 

Sow tf the stl" 

vering solution make a half pint of the solution, a dime is 
prepared? placed in a test-tube and dissolved in ni- 
tric acid, the solution being diluted with water. Muri- 
atic acid is then added, which precipitates the silver, in 
the form of a white curd. This is allowed to settle, and 
the green liquid, which contains the copper of the coin, 
is poured off. Water is again added, and the curd al- 
lowed to settle ; this cleansing process is several 
times repeated. The test-tube is then half filled with 
Water, and heated, and bits of cyanide of potassium ad- 
ded, until a transparent solution is obtained. 
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. 262. A solution for gilding, is prefmred 

lutionfor by drying a solution of gold, at a moderate 
^JdV^^ heat, and dissolving it in cyanide of po- 
tassium, as above described. The process 
for gilding, is in ail respects the same as that for the 
deposition of silver. 
,, . , , 263. The process. — The battery and 

How U the sil- 

vering procett silvering solutiou being prepared, the cop- 
eonduetedf ^^ ^^jjj^ ^^ Other object to be silvered, is 

cleansed with potash, rubbed with chalk or rotten- 
stone, and then attached to the wire proceeding from 
the zinc. A silver coin is fastened to the other wire, 
and immersed in the silvering solution ; acid is then 
added to excite the battery, and the object to be silvered 
is lastly immersed. It should be hung face to face with 
the silver coin, and quite near to it, the two being kept 
in their places by blocks placed across the tumbler, as 
represented in the figure. The coin will receive a per- 
ceptible coating within a few minutes, and will be more 
thickly covered, according to the time of immersion. 
The deposit is hastened by keeping the solution mode- 
rately warm. This is especially advantageous in the 
commencement of the process. The newly plated sur- 
face is without lustre, and requires burnishing after re- 
moval from the solution. 
^, . , 264. Object op the silver coin. — The 

What is the . - ., , , 

object of the piece of Silver is attached to the positive 
iUter cainf ^j^,^^ ^^ maintain the strength of the solu- 
tion. It is eaten away, and dissolved as fast as silver 
is deposited on the objects connected with the negative 
wire. The reason of this is, that the cyanogen of the 
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solution, when it goes to the positive pole, as before ex- 
plained, combines with silver, forming new cyanide of 
silver, which dissolves and mixes with the rest. Thus, 
the strength of the solution is always maintained. The 
coin is attached to the negative wire, by flattening the 
latter, laying it on the back of the coin, and covering 
the whole with sealing wax ; the coin and wire should 
be previously slightly wanned, and the wax used at a 
moderate heat, so that it shall not run between the wire 
and the coin, and prevent their perfect contact. 

How are med- ^^^' CoPTING OF MEDALS. ^If it is de- 

aU copied f gj^g^j ^q ^opy the face of a medal or a coin, 
the same apparatus suffices. The reverse and edges of 
the coin are very slightly oiled, to prevent the adhesion 
of the copy about to be made. It is then placed in the 
solution. The metal deposits upon it, copying perfectly 
every elevation and depression. When the crust is suffi- 
ciently thick, which will be after the lapse of twelve 
hours, the coin, with its shell of metal, is removed, and 
the whole process repeated with the mould. The de- 
posit which now forms in the shell, is an exact copy of 
the face of the original coin. Moulds are also made by 
stamping the coin into soft metal, and using the impres- 
sion thus produced instead of the copper shell. Copper 
plates, for engravings, may be copied so perfectly by 
the first method^ as to be fully equal to the original. 

Bow are wood 266. CoPTING OF WOOD CUTS. The diffi- 

aus copied f ^ulty of Copying other than metallic ob- 
jects, by the process,is, that they are not generally good 
conductors. Thus, when a wood cut is attached to 
the negative wire, it does not itself receive a nega- 
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tire character from the wire, and will not, therefore, 
take positive metal from the solution. This is obvia* 
ted by covering the block with a fine powder of plum-- 
bago or black lead, which has good conducting power. 

It voJiot ciues ^^^' T^y^i^ process is very extensively 
Utheproeeit practised. Where a large number of cuts 
practised f ^^ ^j^^ same kind are wanted, as for exam- 
ple, to print labels for dry goods, only one engraving 
on wood is made, and numerous copies are taken by 
the above process^ which is much less costly. 
«... 268. Heating hffjccts of the cub* 

Deaerthe the t/» i_ i j •■ 

heatinff effect BENT. — If the electrodes are connected 
ofthecurrentf ^^ile the battery is in action, the wire be- 
comes heated more or less strongly, according to the 
size of the plates. If the plates are very large, the 
wire melts, even though^ it be of platinum, the most 
infusible of metals. Gold may even be converted in- 
to vapor by the same means. Carbon, supposed a few 
years since to be entirely infusible may be also super- 
ficially fused, and even volatalized between the electro- 
des. It condenses again at a little distance, in the form 
of microscopic crystals. Imperfect diamonds have been 
thus artificially produced. With such a battery as 
has been described the elevation of temperature would 
be scarcely perceptible. 
„ . , 269* The electbic light.— If the current 

How tetfie . /. 

electric light be allowed to pass between two points of 
produced F prepared charcoal, an exceedingly intense 
light is produced, accompanied by great heat. Char- 
coal is employed because it is a comparatively infu- 
sible, and inferior in conducting power. A metallic 
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wire, under Ihe same circumstances, would melt, or if 
too large to undergo fusion, would allow the current to 
flow readily through it, without that detention which is 
essential to the production of the above effects, in their 
highest degree. 

. 270. If the charcoal pomts he with- 

eicetriefame drawn from each other, a splendid electric 
produceaf flame is produced between them. This 
flame is not the result of combustion, for the char- 
coal is extremely dense, and wastes away but slow- 
ly. It is purely electric. Metals melt in it, and are 
dissipated in vapor. A much larger battery than that 
just described, is requisite for the production of ei- 
ther the light or flame. In experimenting with the 
compound battery, hereafter described, a slight spark 
will be observed, on separating, the electrodes. 

271. Decomposition in the battert. 
fe'^poJuon A decomposition, similar to that of wa- 
rn the battery tcr and metallic compounds, as above de- 
scribed, takes place in the battery itself, 
and seems to be the source of its power. Suppose, for 
example, the acid with which the zinc and copper are 
in contact, to be hydrochloric, each molecule of 
which is composed of an atom of hydrogen and 
an atom of chlorine. The zinc becomes positive 
where it is in contact with the acid, and negative at 
the other end, the extremities assuming different states, 
as in the case of a piece of soft iron suspended from a 
magnet. The outer portion of the copper being in con- 
tact with the negative end of the zinc, is, itself, nega^ 
tive, while the end immersed is positive. The atoms 
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composing the acid, are supposed to be arranged as rep- 
resented in the figure. The alternation of positive and 
negative, in copper, zinc, and the line of acid molecules 
is analogous to the case of the sus- 
pended keys. As long as the metals 
are immersed, and made to touch, an j 
atom of zinc constantly combines! 
with an adjacent atom of chlorine. 
It follows, that no chlorine is set at 
liberty. As fast as each atom unites 
with the zinc, its hydrogen combines 
with the next chlorine, the hydrogen of this, with 
the next, and so on, as before explained, in the de- 
composition of water. Hydrogen is therefore con- 
stantly given off at the surface of the copper. But 
when the two metals are not in contact above the li- 
quid, and the circuit is, consequently, not completed, 
there is no negative influence exerted at the extremity 
of the copper, and the series of decompositions, before 
described, does not occur. 

^^ . 272. A SALT EMPLOYED AS EXCITANT 

a battery can It is uot essential, that an acid shall be used 
a^^^ ^ ^ ^^® exciting liquid in the galvanic bat- 
tery. A metallic salt is sometimes em- 
ployed. This may be best illustrated, by supposing 
chloride of copper to be employed instead of hydrochlo- 
ric acid, which is chloride of hydrogen. The chlo- 
rine goes to the zinc, as in the previous case, and the 
copper of the salt, to the strip of copper, placed in the 
solution. Being a solid, it remains there, and en- 
crusts the copper, instead of being evolved, as in the 
case of hydrogen. 
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273. DtrFERENT KINDS OF BATTERIES.-* 

o/ the differ- There are different kinds of galvanic bat* 
ftol^mdf/^ teries, but the principle in all is the same. 
Two of the forms in most common use 
are described in the Appendix. Smee's battery is 
especially recommended to the student, for its cheap- 
ness, simplicity, and efficiency. It is very similar, as 
will be seen, to the simple one which has been already 
described. 




274. Compound circuit. — For the sake 
of the com- of simplicity, all the foregoing decomposi- 
pound eireuitf tioushave been described, as a result of the 
action of a simple voltaic circle, consisting of an acid, 
and two metals. But, it is found that in many decora- 
positions, the power of such a battery is insufficient. 
The efficiency is increased by employing several single 
batteries together, and bringing them all to besu: upon 
the same electrode. 

How are heat- 275. The heating and magnetic effects 
inffandmag- ^{ ^j^^ battery are very much increased by 
produced^ Uniting the plates, as in the preceding fig- 
ure, where all the zinc plates are joined together, so as 
virtually to form one. The quantity of the current is 
thus increased. Power of decomposition, and to give 
shocks, such as are taken from an electrical machine. 
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are increased by uniting them as in the figure which 
follows. The intensUy of the current is thus increased. 




,^ . , 276. Meaning or intensitt and ^uan- 

meaning of in- TiTT.-^The terms mteusity and quantity 
^m^ruuyf ^^ ^® rather vaguely used, and do not de- 
scribe as definitely as may be desired, the 
different properties of the current. The student must 
associate the term quantity with increased heating and 
magnetic effects, and the term intetisityy with power 
of decomposition. 
^ , . , 277. Decomposition by the compound 

Ezplam the ^ , -. . . /. 

apparatuBf&r CIRCUIT. — For the decomposition of water, 
^Mwrfer**'*^ a series of six cups, such as have been al- 
ready described for use in plating, will suf- 
fice. They are to be united according to the second ar- 
rangement. The zinc of e^ch cup is to be connected with 
the copper of the next in order, by a copper wire, forming 
a good metallic contact. This being done, another long 
wire is fastened to the first copper plate, and one, also, to 
the last zinc, and bits of platinum wire or foil are attached 
to their ends. A small test-tube is then filled 
with acidulated water, and inverted in a cup, 
also containing water and acid. The wires 
are bent upward^into the cup, as represented 
in the figure. The battery being now set in 
operatioui by dilute acid, as before described, 
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the evolution of gas immediately commences from the 
the platinum wires. This compound battery will be 
found rather slow in its operation, and has been de- 
scribed only for the purpose of illustrating the use of 
the more powerful galvanic batteries of similar con- 
struction. The student is advised to substitute for it 
the Voltaic pile, as hereafter described. 

278. An explosive uixture.— -A mix- 
ty haa^tlT^ turc of hydrogcu and oxygen gases, in the 
"r*i«m//"* proportion in which they are here evolved, 
is explosive. This property is the evi- 
dence that the gases are really oxygen and hydrogen, 
in due proportion. A sufficient quantity being col- 
lected, the mouth of the tube is covered with the finger, 
the tube inverted, and a match applied at the mouth. 
A slight puff is all the evidence that will be obtained 
from a small quantity of the mixture. A test-tube full 
will give a sharp report. 

279. Separate collection or the 
aa^rbJ^col- OASES. — By usiug two tcst-tubcs, instead 
Ucudwpor ^f Qj^g g^ before described, and introduc- 

rately t ' ' 

ing an electrode into each, the gases may 
be separately collected and tested by the methods give 
in the section which treats of those gases. 

280. The water is acidulated in the ex- 
miter Jo be^de- periment, to make it a better conductor of 
^adHltedt *^^ influence which must pass through it, 

from one electrode to the other, in order 
that the decomposition may take place. The reason 
for using platinum electrodes has already been given. 
In the present case, if the copper wires . themselves 
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were introduced, the negative electrode would appro- 
priate all the oxygen to itself, thereby becoming ^^a* 
ally converted into oxide of copper, which would dis- 
solve, and nothing but hydrogen gas would be obtained. 
281. Decomposition of a salt. — The 
dM^noJii<m decomposition effected by the galvanic 
of a talL current, may be more strikingly illustrated 
by introducing the electrodes into a dilute 
solution of sal-ammoniac, previously . 
colored by litmus, or red cabbage. ^15 
Chlorine is liberated at the positive I || 
pole, and bleaches the solution in its |/Ji 
vicinity, while ammonia is evolved ^^^^g^SB^ 
with hydrogen, at the negative pole, 
and changes the color of the solution from blue to red. 
That of the cabbage is changed by the same means, 
from red to green. By employing a glass box with two 
compartments, such as is represented in the figure, the 
two portions of the liquid may be kept distinct. It is 
essential, for reasons that will be understood from the 
preceding paragraph, that there be an unbroken chain 
of molecules of the electrolyte, or substance to be de- 
composed, between the electrodes. This is effected by 
making the partition quite loose, and keeping it in its 
place by strips of paper, placed along the edge. All the 
communication that is essential, then takes place through 
the pores of the paper, while the partition at the same 
time prevents the mixing of the contents of the sepa- 
rate cells. The same object may be accomplished by 
the employment of two tea-ctips, holding the liquids, 
and connected by moistened lamp-wick ; a larger pile,; 
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and a longer time, is in this case required to effect the 
decomposition. The glass box may be made according 
to the directions given in paragraph 33 for making a 
prism. 

Describe the 282. ThE VOLTAIC PILE. The first 

Voltaic pile, fonn of gdvanic battery ever produced is 
represented in the figure, and is called the 
Voltaic pile, from the name of its inventor. 
It consists of a succession of discs of zinc, 
copper, and cloth, moistened with acid, al- 
ternating with each other, as represented 
in the figure. Each series forms a simple 
battery, and the whole pile is a compound 
battery, essentially the same as that before 
described. Wires to serve as electrodes are to be at- 
tached to the extreme copper and zinc. 
_ . .. 283. The enlarged form of the Voltaic 

What it said 

of the en- pile represented in the next figure will be 
f^ged Voltaic f^^^j ^ ^^gj efficient apparatus for ef- 
fecting decomposition. It is composed of 
sixteen plates of each metal, each having a surface 
of twelve square inches. The zinc should be amalga- 
mated, as before explained. Flannel, or any similar 
material may be employed to separate the plates. With 
this piece of apparatus, the spark is readily obtained, and 
slight shocks may be taken by bringing the two hands 
into contact at the same moment 
with the top and bottom of the pile. 
On terminating the electrodes with 
fine iron wire, and frequently uni- 
ting and separating them, scintil- 
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lations of the burning metal may also be readily pro* 
duced. By increasing the number of the plates still 
more striking effects are obtained. With a pile con* 
sisting of six or eight plates a foot square, platinum 
wire connecting the electrodes may be readily fused. 
Such a battery is also more effectual in the electro- 
magnetic experiments which follow. 

Describe the ^84. MAGNETIC PBOPEBTIKS OF THE CU&- 

'^i^^^o/^Atf BENT. — ^If the wire connecting the zinc 
galvanic cur- and copper of the galvanic battery be wound 
^^^ in a spiral, as represented in the figure, the 
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coil, or helix, as it is termed, be- 
comes possessed of magnetic 
properties. Like a magnet, it attracts iron, and other 
magnets, and according to the same laws. 
j7ow may a 285. The SUSPENDED BAB.— A rod of irou 

rod of iron he brought near one of the extremities of the 

9U9pe7tdeatn ^ 

the air r coil, is not Only attracted, but actually 

lifted up into the centre of the coil, where it re- ^ 
mains suspended without contact, or visible sup- 
port, as long as the battery continues in action. 
Science has thus realized the fable of Mahomet's 
coffin, which was said to have been miraculously 
suspended in the air. The helix, for this and 
similar experiments, is wound closer than is rep- 
resented in the figure, and is composed of several 
layers of wk|. A powerful battery is also essential to 
success in tms experiment. [ 

286. PoLAiiiTT or THE COIL. — That 
aetion of a such a coil has polarity, may be proved, 
Jj^^^ precisely as with a magnet. One end of 
it attracts the north pole of a magnet, and 
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is therefore a south pole. The other end 
attracts the south pole of a magnetic nee- 
dle, and is therefore, itself, a north pole- 
But the direction in which the current 
moves round in the helix, determines 
which shall be north, and which south.. 
As the current is represented to move 
in the first of the two coils in the figure, the up- 
per end of the coil is north, and the lower end south. 
If it is made to move in the other direction, as in 
the second figure, the poles are reversed. 
^ 287. Consequent motion or a sus- 

Hqw may we 

obtain motion PENDED COIL. To obtain motiou of the 

5^/^* '^^^ *'" ^^^^ itself, as a consequence of its magne- 
tism, it is necessary to suspend it ; and in 
order to suspend it with perfect freedom of motion, it is 
necessary to suspend the battery i 

with it. Such a suspended coil I 

and battery is represented in the 
figure. In preparing it, the wire 
is wound forty or fifty times 
round a test-tube, (which is afterward removed,) and 
copper and zinc plates then attached to the ends. 
The plates are tied together with several layers of paper 
between them, then dipped in acid, and the apparatus 
carefully suspended by an untwisted silk fibre. The 
acid absorbed by the paper, suffices to maintain for 
some time the action of the battery. On approaching 
a magnet to either pole of the suspended coil, it is at- 
tracted or repelled precisely as if it were a magnet. In- 
stead of suspending the apparatus by a thread, it may 
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be floated on acidulated water, by means of a cork, 
and submitted to the same experiment. In this con- 
struction, the wires proceeding from the end of the 
coil, pass through the cork, before connecting with the 
metallic plates. The first described method of suspen- 
sion is regarded as the best. 

288. The coil a magnetic needle.^- 

How may the ^ ^ . ., . i 11. 

caU be conver- On floating a coil With extreme deli- 
^il^MsduT ^^y ^P^^ water, and protecting it from 
all currents of air and water, it assumes 
north and south direction, and becomes, in fact, a mag- 
netic needle. This can only be accomplished by 
means of a light glass cup, blown for the especial pur- 
pose, and prolonged into a cone below, to give it stead- 
iness in the water. This cup is filled with dilute acid, 
in which the plates are immersed, and is then floated 
in a larger vessel. 

289. Mutual action op coils. — ^Two 
mtUtuU aeiion hcliccs, or coils, such as are described in 
^wogrtMitc ^y^^ j^^ paragraph, floating near each other, 

attract or repel, precisely as if they were 
magnets, according as like or unlike poles are brought 
together. They finally attach themselves to each 
other in the position represented in j^ 
the figure, lying parallel and with ^ 
opposite poles in contact. In this w 
position, it will be observed, that at thepoint of con- 
tact, the currents are moving in the same direction. 
The attraction of the unlike poles, may be regarded, 
then, as a consequence of the attraction of like cur- 
rents. For it- is found to be universally trae, that 

6 
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currents moving in the same general direction, attract 
each other, while those moving in opposite directions, 
repel. 

What it the 290. MuTUAL ACTION OF COIL AND MAG- 

^Tci-^ajiS'' ^^^' — ^^ ^ floating magnet be substituted 
magnet f for ouc of the coils, in the above ex^ 

periment, the result is not in the least affected. ^ f 
They act toward each other precisely as if both ^ ^ 
were magnets, or both, coils. 

291. Action of a single wire on 

WhatUthe * • i • 

4Ktion of «n- A COIL.— A Single Wire, carrying a cur- 
?!^LZiif ^^^^» ^^^s ^ a floating coil in the same 
manner. Stretched above it, as in- 
dicated in the figure, the north pole of the coil 
will move to the right. The motion is such as to bring 
# adjacent currents, in the wire, and in the coil, to co- 
incide in direction. 

„ ^ 292. Polarity of the coil imparted 

has the mag- TO IRON. — A bar 01 soit iTou placed in 
^wcm/ upon ^jjg ^Q^^ becomes itself a magnet, and re- 
ceives the name of electro-magnet. It 
should be wound with several layers of contin- -^ 
uous wire, the latter being covered with cotton, H -^ 
to prevent any lateral passage of the current. S 
The horse-shoe shape, in which the poles are ^ 
brought round near to each other, is the more ^ 
common. . The power of such magnets contin-" 
tinues only while the current is passing. Electro- 
magnets have been constructed capable of lifting a ton, 
or even more. They are sometimes employed in dress- 
ing iron ores, to separate, by their attraction, the work- 
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able ore from the refuse earth with which it is mixed. 
A steel bar introduced into the lielix while the current 
is passing, becomes permanently magnetic. Permanent 
magnets, are now commonly made in this manner. 
„ ^ 293. Permanent magnetism of steel. 

What effect _ /. . , , . 

hoB the mag- It appears, from the last paragraph, that 
^^^^^P<^ a bar of soft iron is a magnet, as long as 
an electrical current circulates around it. 
But the steel, if once magnetic, remains so permanent- 
ly. This is accounted for, by supposing that the cur- 
rent, in the wire, excites a current in the surface of the 
steel itself, which continues to flow, without interrup- 
tion, after the wire is removed. 

, 294. Action op a single wire on ^ . 

Whatiathe ^ . *H 

actum of a ^AGNET. — ^A wuTC, carrymg a cur- 3 } 
f^^t "^ rent in the direction shown in the 
figure, acts on a magnet, precisely as 
on a floating coil. The north pole of the mag- 
net is made to deviate to the east. The mo- 
tion is such as to bring adjacent currents in wire 
and magnet to coincide. 
;„ , . , 295. Electrical theory or mag- 

Explaxn the ,.,,., n 

electrical theo- NETisM. — Accordmg to this thcory , all maig- 
jy^^*"*^"*" netism, including that of the load-stone, 
the magnetic needle, and that of the earth 
itself, is a consequence of the circulation of electrical 
currents. In the earth, such currents are known to be 
excited, and kept in motion, by the sun, heating in turn 
successive portions of its surface. They flow from 
east to west, making of the earth, as it were, an im- 
mense coil, or helix. In magnets they are also in con- 
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Slant circulation, the direction being dependent on the 
position in which the magnet is held. In the case of 
a magnet whose north pole is directed north, the di« 
rection is from west to east across the upper surface, 
and of course, in the contrary direction on the under 
side. The earth acts on a magnet, or a floating coil, 
as one helix acts on another. The north and south 
direction of the magnetic needle is a consequence of 
this action. 

Explain the 296. The THEORY ILLUSTRATED. ^In 

f^^^ illustration of this theory, let a globe be 

coiled with a wire, carrying a current, as indicated in 
the figure. Let the current flow from east to west 
through the coil. A small magnetic needle placed at 
different points on the surface 
of the globe, however the po- 
sition of the latter may be 
changed, will always point to 
its north pole. It is under- 
stood, in this experiment, that 
the current is strong enough 
to overcome the influence of 
the earth itself on the mag- 
net. A freely movable coil through which a current 
was passing, would, in this case also, act precisely like 
a magnet. 

297. Magnetic telegraph. — The ex- 
prmeipJe of planation of the mechanism of the mag- 
uie'^7T*'' "®^^^ telegraph belongs to Natural Philoso- 
phy. The principle of its operation may 
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be here given. It has already been stated, that a piece 
of soft iron becomes a magnet, when a current of elec- 
tricity circulates in a coil surrounding it. Now, sup- 
pose the two ends of such a coil, situated in a distant 
city, to be made long enough to reach a battery in 
the place where the reader resides, and to be stretched 
along over posts, and connected with the poles of the 
battery. The current occupies no perceptible time in 
its passage. Therefore, as soon as the battery is set 
in operation, it circulates through the whole extent 
of the wire, and, of course, through the coil in the 
distant city. The piece of iron which it incloses 
is made a magnet, and will immdiately lift its arma- 
ture. If the current is stopped, the piece of iron ceases 
to be a magnet, and drops its armature. But the 
operator at the battery can send or stop the current at 
will, by simply disconnecting one of the wires, and 
thereby lift or let fall the armature a hundred or a thou- 
sand miles off, as often as he pleases. He can have 
an understanding, also, with the person in the distant 
city, who sees the motion of the armature, as to what 
it shall mean. One lift may indicate the letter A ; two 
lifts, the letter B ; and so onl So any thing may be 
spelled out, and it thus becomes possible to commur 
nicate ideas by electricity. If these lifts of the arma- 
ture can be made to record themselves on a slip of 
paper, the further advantage of writing at the distant 
station is gained. And this is precisely what is realized 
in Morse's telegraph, and more particularly described in 
all recent works on Natural Philosophy. 
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,^ . . , 298. The earth, used as a conductor. 

WruU t$ 8atd 

of the earth It would seem requisite to extend both ends 
asa^conduc' of the wire fonning the coil through all 
the intervening distance, and then to con- 
nect them with the opposite poles of the battery ; but 
it is found, in practice, that one is sufficient, and that 
all the middle portion of the second wire may be dis- 
pensed with. The remaining ends, one connected 
with the helix, and the other with the battery, being 
made to terminate in large plates, and buried in the 
ground, the earth between them is found to take the 
place of the second wire, and complete the circuit. 

Mention 9ome 299. APPLICATIONS OF THE TELEGRAPH. 

remarkable There are many applications of the tele- 

appltccUtona •' ^ 

of the tele- graph bcsidc the one of transmitting intel- 
graph, ligence to distant places. In the city of 

Boston, an alarm of fire is instantaneously communi- 
cated throughout the city, and the bells rung by tele- 
graphic apparatus. 

In Marseilles, Prance, a single clock is made by sim- 
ilar means to indicate the time on dials, placed in the 
street lamps of the city. Electro-magnetic apparatus 
has also been employed with the most remarkable suc- 
cess in increasing the dispatch and accuracy of astro- 
nomical observations ; making it possible to accomplish 
during a single night in the study of the heavens, what 
formerly cost a month of labor. 

., , 300. Physiological effects of gal- 

Deterthethe , 

phyeioiogicai VANISH. — The nervcs of auimals are ex- 
w^^'f ^^' tremely susceptible to the galvanic influ- 
ence. The apparatus represented in the 
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figure, whicl! consists of strips of zinc and copper, 
three inches in length, separated by a cork, is sufficient 
to produce convulsive twitchings 
in the legs of a frog or toad. A 
larger apparatus produces more decided effects. The 
legs are to be employed, with a portion of the back 
bone attached, which is grasped by the sharpened ex- 
tremities of the galvanic tweezers. As often as the 
circuit is completed, by bringing the other extremeties 
into contact, by the pressure of the fingers, the legs 
are observed to twitch, as if they were still possessed 
of life. The leg of a grasshopper, grasped in its 
thickest part, may also be employed in the experiment. 
In both these ca^es, the moisture of the flesh or skin 
is the exciting fluid of the galvemic paic In view of 
the destruction of life which they involve, these expe- 
riments should be confined to the lecture room, or only 
made where many persons are to be instructed by their 
«!xhibition. 

301. Discovery of galvanism. — ^In the 
discovery of words of Arago, " this immortal discovery 
galmntmi arose in the most immediate and direct 
manner, from an indisposition with which 
a Bolognese lady wsus affected, in 1790, for which her 
medical adviser prescribed frog broth." The frogs had 
been killed and skinned, and were lying on the table 
of her husband's laboratory. Experiments were in 
progress with an electrical machine, which stood near 
them, when it was observed that the frogs' legs were 
convulsed, as the spark passed. This was not a new 
fact, but Galvani was not acquainted with it, and un- 
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dertook to find out the cause. In preparing for the in- 
vestigation, he chanced to hang the hind legs of seve- 
ral frogs, by copper hooks, from the iron railing of the 
balcony of his window. As often as the wind, or any 
i accidental cause, brought the muscles into contact with 
the iron bar, the legs were convulsively agitated. The 
astonishment of the experimenter can scarcely be con- 
ceived. In undertaking to account for an old fact, he 
had stumbled upon a most important discovery. The 
theory which he proposed was not correct, but the re- 
sults to which the observation have since led are as- 
tounding. The telegraph, the electrotype, and many 
metals discovered by galvanic means, may all be re- 
garded as its offspring. 

„ , . , 302. Explanation. — ^The convulsion 

above expert- produced m this case, IS entirely analagous, 
ment, ^ ^^ courso, to that described in the last 

paragraph. The two metals, the moist muscle, and 
the wind, to produce contact, and so complete the cir- 
cuit, are all the conditions essential to the production 
of a current, and consequent contraction of the nerves. 



129 



I>^RT II. 

LAWS OP COMBINATION. 



CHAPTER I. 

303. Number of ELEMENTs.-^The num* 
Whtu i»tke \yQf of elements, or simple substances, at 

number of the , . . ^ , 

Oemenu f present known, is sixty-two. Only thirty- 
five of these are of sufficient importance 
to be considered in this work. The rest are of rare 
occurrence, and are found in comparatively small 
quantity. 

304. Subdivision of the elements. 
eJ^ient$ tub- The elements may be divided into metals, 
divided^ and metalloids or non-metallic substances. 
They are thus divided in the table given on page 
131. Hydrogen and oxygen belong to the class of 
non-metallic substances, but are placed by themlseves, 
for reasons which will appear in the sequel. 

305. Atomic constitution. — All of the 

Of whot are 

iiu elementary elementary substances, whether they be 
wA^aiikje^ solids, liquids, or gases, are regarded as 
made up of minute atoms, as explained 
6* 
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in Chapter I. AH of the atoms of the same substance 
are alike in every respect. 

306. Combination by atoms. — Wh^n 
ffowdoei combination takes place between portions 
take place f of any two elementary substances, it may 
be regarded as consisting in the attrac- 
tion and juxtaposition of their individual molecules. 
Thus, when zinc tarnishes in the air, each of the 
atoms which form the surface of the zinc, takes to 
itself an atom of oxygen from the air, and the whole 
surface becomes covered with molecules of oxide 
of zinc. In the same manner, sulphuric acid is 
made up of compound molecules, each one of which 
consists of an atom of sulphur, and three of oxygen. 

307. Atomic weights. — Although the 
known of the atoms of all substauccs are too small to be 
ii^Ateo/ separately seen, chemists believe, not only 

that they have evidence of their existence, 
but that they know their relative weight. The rela- 
tive weight of the atoms of a few of the elementary 
substances, as compared with the hydrogen atomy 
which is the lightest of all, is given in the following 
table, as nearly as it can be given in whole numbers. 

308. It is to be borne in mind that the 
table which table does not undertake to tell the absolute 
l^^^f weight of the hydrogen atom, or of any 

other atom. This is not known. It only 
informs us that whatever may be the weight of the 
hydrogen atom, that of oxygen weighs eight times, 
that of sulphur, sixteen times, and that of carbon, six 
times as much : and so on of the other elements. 
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TABLE OF SOME OF THE MORE IMPORTAKT ELEMENTS AND 
THEIE COMPOUNDa 



METALLOIDS. 



Htdeogeic, 

OXTOKN, . 



Sfmbol JUmiciudgkL 
. H 1 

. . O 8 



Nitrogen,. 
Chlorine, . 
Phosphorus, 
Sulphur, . 
Carbon, . 



WDETALLOmS. 
Sytnbol. 

. N 
. 01 

. P 
. S 

. 



WeigJa, 

u 

86 

82 

16 

6 



BiETAI^ 



iVmie. 
Potassium, . 
Sodium, . 
Calcium, . 
Magnesium, . 
Barium, . 



SjfHiibdL W(^ffmm 



K 


89 


Na 


28 


Ca 


20 


Mg 


12 


Ba 


68 



METALLOn>S WITH OxTOKN FORM 

ACIDS. 



Nitric Acid, . . 
Chloric Acid, .^ . 
Phosphoric Acid, 
Sulphuric Acid, . 
CarDonic Acid, . 



NOs 
ClOj 
PO5 
SO3 
OOa 



Metals with Oztokn tobm 
OXIDES OK BASEa 

Potassa, KO 

Soda . NaO 

Baryta, ....... BaO 

Calcia, CaO 

Magnesia, MgO 



Nitrate of Potassa, . 
Nitrate of Soda, . 
Nitrate of Baryta, . 
Nitrate of Calcia. . 
Nitrate of Magnesia, 



AciDfl WITH Bases form 
SALTS. 



KO.NO5 
NaCNO, 
BaCNOs 
. CaO,NOi 
MgO,N05 



Sulphate of Potassa, KO,SO, 
Sulphate of Soda, . NaO,SO, 
Sulphate of Baryta, BaO,SO, 
Sulphate of Calcia, . CaO^O, 
Sulphate of Magnesia, MgO,SO, 



Each of the other acids forms its class of salts. There are other 
classes of acids, to be hereafter mentioned, which contain no oxygen. 



What do metalloids fdrm with oxygea 1 Give aome example!. 
What do metala form with oxygen! Give some examples. 
What do acids form with baaea7 Name all of the ealto which may be fomed 
from the acids and bases abore mentioned. 
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WhatiotlU ^^' EXFLAHATIOW OF THB STMBOLS. 

»mboU tumd The symbols may best be legaided by the 
tzampie$. Student as standing for single particles of 
the several substances In the case of 
compounds, the symbols also show their composition. 
Thus, N, CI, P, K, Na, Ca, indicate respectively single 
atoms of Nitrogen, Chlorine, Phosphorus, Potassium, 
Sodium, and Calcium, and the numbers in the next 
column of the table indicate the relative weight of the 
atoms. So, also, NO, stands for a single molecule of 
Nitric acid, and, besides, indicates, as represented in 
the figure, that every such molecule is a com-^«^ 
pound molecule consisting of one atom of nitro-"^ 
gen, and five atoms of oxygen. 
W^&«, 310. Again, KO stands for a single 

,na,catef molecule of Potassa, and indicates that ^ 
It IS a compound consisting of one atom of potas- "' 
«um, and one of oxygen. Such a compound of two 
elements is called a binary compound. 

Whatdoet ^11- 1° the same manner KO,NO, stands 

1^0. i». for a single molecule of Nitrate of 
Potassa, and indicates that every 
«uch molecule is a compound, made up of two .^.^ 
other compound molecules, one of nitric acid, and an- 
other of potassa. Such a compound, of two binary com- 
pounds, is called a ternary compound. The symbols 
may, indeed, be regarded as standing for larger quan- 
tities, in the same relative proportion ; but it is an as- 
sistance in understanding chemical phenomena, to re- 
gard them as has been suggested. 




atomic weights. . 133 

_ 312. Atomic weights of compounds. 

How are atom" 

iewiffhttof The relative weight of the atoms of 
daJ^ir^f simple substances, is given in the table. 
With the help of these, and the symbols, 
the relative weight of the molecules of compounds, is 
easily calculated. Thus, the symbol of nitric acid, 
being NO^, we know that 54 must be the weight of 
the molecule of nitric acid. For the symbol informs 
us that it is made up of a single atom of nitrogen (14) 
and five atoms of oxygen, (40). The weight of 
a molecule of potassium is 47, its symbol, (EO) in- 
forming us, that it is made up of one atom of potas- 
sium, (39) and one atom of oxygen, (8). 

313. Calculations of weights fbom 
luteweigku SYMBOLS. — From thOv symbols of com- 
^tnty^foiaf P^^^^^s, the relative weight of their com- 
ponents may be calculated. NO^, being 
the symbol of nitric acid, we know, as above 
shown, that the weight of its least particle is 54, and 
that this weight is made up of nitrogen, 14, and oxy- 
gen, 40. As a larger quantity is composed of precisely 
such particles, the relative weight of the constituents 
must be the same. Fifty-four pounds of nitric acid, 
therefore, contain 14 pounds of nitrogen, and 40 pounds 
of oxygen. In the same manner, from the symbol 
KO, with the help of the table of atomic weights, we 
ascertain that 47 pounds of potassa contain 89 pounds 
of potassium, and 8 pounds of oxygen. CaOjSOs, is 
the symbol of Sulphate of Lime or Gypsum. Adding 
the atomic weight of its constituents, we have 68, as 
the sum. Sixty-eight pounds of sulphate of lime, there- 
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fore, contain 20 pounds of calcium, 16 pounds of sul- 
phur, and 82 pounds of oxygen. 

314. DEriNiTE PROPORTIONS. — The 
Illtutr<ae the composition of the same substance is al- 

law ofdejinxte * 

proportions. ways the same. When hydrogen and ox- 
ygen unite, in the proportion of one of the 
former to eight of the latter, they form water. (HO). If 
an excess of either element is employed, it remains un- 
combined. When they unite in a different proportion, 
as they do in another process, they form not a some- 
what modiified or changed substance, but an entirely 
new and distinct one, viz., peroxide of hydrogen, 
(HO2) whose composition is also uniformly the same. 
So nitrogen combines with oxygen, in each one of 
the proportions indicated by the symbols, NO, NOg, 
NO,3N04,N05, in each case forming a new substance. 

What U the 31^- MULTIPLE PROPORTIONS. ^As COm- 

^?r^r<r^-* hination always takes place by whole at- 
tione? Give oms, and never by fractions, it is evident 
examp es. ^j^^^ whenever it occurs in more than one 
proportion, the others must be multiples of the first pro- 
portion or atomic weight. Thus the proportions, by 
weight, in which oxygen unites with nitrogen, are 8, 
16, 24, 32, 40. In other than such exact proportions, 

combination never takes place. 

316. Chemical equivalents. — ^It has 

What tea • , - ,_ ^ • 

chemical already been shown that the atomic 

^t"n!r/aj- weights express the portion in which sub- 
ample. • stances combine with each other. It also 
expresses, as would be naturally inferred, the propor- 
tions in which they replace each other, whenever such 
replacement occurs. Thus, chlorine sometimes expels 
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and replaces oxygen in chemical compounds. When* 
erer this takes place, 36 parts of the former, hy weight, 
are required to replace 8 parts of oxygen. These 
numbers, therefore, express chemical equivalents of 
the two substances, and in general, a table of atomic 
weights, is also a table of chemical equivalents. So, 
when sulphuric acid expels nitric acid from any of its 
salts, it replaces it in the proportion of 40, to 64. The 
atom of sulphuric acid is the equivalent of that of ni- 
tric acid in another sense. It has precisely an equiva- 
lent effect in neutralizing the base with which this acid 
may be combined. 

317. The composition of a mixture, is 
^i^^' sometimes expressed by equivalents. Gun- 
preuedby powder, for example, may be described 

as contammg one equivalent ot sulphur, 
one of nitre, and three of carbon. This signifies 
that it is composed of 16 parts of Sulphur, 101 of ni- 
tre, and 18 of Carbon, as may be ascertained, by cal- 
culation, from the table of atomic weights. 

318. Names of oxides. — ^It will be ob- 
^TfLmedf served from the table, that the oxide of 
Give exam- potassium is called potassa : the oxide of 

sodium, soda, and so on, each oxide nav- 
mg a special name, derived from the name of the 
metal. The oxides of most of the other metals, not 
mentioned in the table, have no special names, but are 
called oxide of iron, oxide of lead, oxide of zinc, &c. 

319. Names or salts. — ^In naming the 
^iroive salts of the oxides last mentioned, the 
•**^1>^**- term oxide, is omitted, for the sake of 
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brevity. Thus, we say, nitrate of iron, sulphate of 
iron, phosi^ate of iron, instead of nitrate of oxide of 
iron, sulphate of oxide of iron, &>c. 

320. Formation of oxides. — Most 
idea formed f of the oxides of the table, are imme- 
Oipeanexamr ^^^ly fonned, as soou as their respec- 
tive metals and oxygen come together. 
Thus, out of silvery potassium, and transparent oxy* 
gen, white potassa is instantaneously produced. But, 
it is more commonly necessary to heat a metal with 
oxygen, to form its oxide. The oxides are also called 
bases. They are further considered in Chap. III. 
Whateom- 321. As oxygeu forms oxides, with 

pounds do metals, so chlorine, bromine, iodine, flu- 

ehlortne, to- i ■» ^ j» - t % i 

dine, mdphur, orme and sulphur, form, respectively, chlo- 
d:cyformf rides, bromides, iodides, fluorides, and sul- 
phides. The latter are also called sulphurets. 

322. Formation of acids. — Simple con- 

ffow are acids ^ - ^ n -j j • ^ 

formed i tact of a metalloid, and oxygen, is not gene- 

^mvu) ** ^^y sufficient to produce an acid. Heat is 
one among the additional means employed. 
Thus, carbon or charcoal, heated with oxygen, or in 
air which contains it, is immediately converted into car- 
bonic acid. Different acids are sometimes formed, by 
the combination of different proportions of oxygen, 
with the same substance. The names by which these 
are distinguished, are given for reference, in the App. 
„ 323. Formation of salts. — ^Most salts 

Jzbto ate salts * 

formed f may be formed by simply bringing the 

mveansxam- j^^j^j gcid and oxide togther. Thus^ 

as soon as liquid sulphuric acid, and white 
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magnesia come together, they unite and form sulphate 
of magnesia, or epsom salt. But the stimulus of heat 
is often required, particularly when the acid, as well 
as the oxide, is a solid substance. The aflSlnity be* 
tween acids and bases, is in accordance with the gene- 
ral law, that chemical attraction between substances is 
strongest, in proportion as they are most unlike, or op- 
posed to each other, in their properties. 
^, . 324. Properties of acids ani> rask8« 

What are the _, • /. , 

pTopertie9 of The properties of these two classes of 
J^ ***^ **' compounds, are opposite, and when brought 
together, they neutralize each other. Thus, 
when acid and soda are brought together, the acid taste 
of the former and the alkaline taste of the latter, both 
disappear. Acids change certain vegetable blues to 
red. Bases restore the color. The experiment may 
be made with an infusion of litmus*" in water. A leaf 
of purple cabbage answers the same purpose. Acids 
color it red, while potash, and the alkalies, change 
the red to green. 

325. Effect of heat to produce com- 

WhatUthe , . ^ , ^ 

^eet of heat BiNATiON. — It IS seeu from the foregomg, 
"^^l^^^^f that heat is often essential to chemical 
combination. This is almost always the 
case where both substances are solid. Beside height- 
ening their chemical affinity, heat has the effect of 
bringing the particles into closer and more general con- 
tact, and, within the range of affinity, by the melting 

•Litmus is a blue Tee«tabl« pigment much used by eliexiU8tfl| for th6 
porpoM mentioned in Uie text 
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or fusion which it accomplishes. Sulphur and iron, for 
example, require the aid of heat to bring about their 
union. The sulphur melts, smd then combines with 
the iron. 
- . 326. Further heating, has often just the 

Mention anr re j. s t^ , 

Uhir effect of Contrary effect. It causes substances al- 
**^* ready combined, to separate from each other 

again. This is especially the case, when one of 
them is a gas. Thus, if oxide of silver or gold is 
heated, the oxygen passes off in the gaseous form, and 
leaves the metal behind. 
^^ ^ ' 327. Heat owes its decomposing effect, 

Whydoesheat . ^, . -, • ., , , 

have thiB ef- m this and Similar cases, to the tendency 
fecti which it imparts to certain substances, to 

assume the gaseous form. And as all bodies would, 
probably, be gaseous, at a sufficiently high tempera- 
ture, sufficient heat would probably decompose all 
chemical compounds. 
•^ . . 328. ErrECT or solution. — The solu- 

What IS the , , , /. 

effect of iolur tion of ouc or both of two substances to be 

'**"*^ combined, has, in a multitude of cases, 

the same effect, in promoting chemical combination, 

as that produced by heat. The reason is also the 

same. It brings them into more general and thorough 

contact. This is illustrated in the case of ordinary soda 

powders, the two constituents of which, will not act 

on each other, unless one, at least, is dissolved. 

. 329. Electrical relations of ele- 
What are the m, i . , 

electrical rela- MENTS. — The metals are sometimes spoken 

^tie^f^ of as electro-positive and the metalloids as 

electro-negative, for reasons given in the 
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chapter on galyanism. Electricity also resolves salts 
into the bases and acids which compose them. The 
acid goes to the positive pole, and is, therefore, elec- 
tro-negative. The base goes to the negative pole, and 
is, therefore, electro-positive.* 

* The laws of combination, and other sabjects -which belong to 
chemical philosophy, are farther considered in the chapter on Salts^ 
in the introduction to Organic Chemistry, and in the Appendix. Ad- 
ditional remarks on the atomic theory adopted in the text» are also 
gi?en in the Appendix. 
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INORGANIC CHEMISTRY. 



CHAPTER L 
METALLOIDS. 

OXYGEN. 

829.* Descbiptiok. — Oxygen is a trans- 
^ f parent and colorless gas, a little heavier than 

Where does it ^^ atmosphere. It is by far the most 
abundant substance in nature. One-fourth 
of the air, one-ninth of the ocean, and, probably, half 
of the solid earth, is oxygen. 

Sow U oxygen 330 . PbEPAR- 
frepared i aTION. Oase- 

008 oxygen is expelled from 

many substances, which 

contain it, by the simple 

agency of heat. Chlorate 

of potassa, and black oxide 

of manganese, are such 

substances. 

Owe the com- 331. Mix oqual quantities of these ma- 

pUu process, terials, and heat half a tea-spoonful of the 
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diy mixture in a test-tube, connected, air-tight, with two 
clay pipes, as represented in the figure. The connec- 
tions are made by winding the pipe-stems with strips 
of wet paper, folded in such a manner that the stopper 
thus formed tapers slightly toward the end. The first 
portions of gas, which contain an admixture of the air of 
the tube, are allowed to bubble through the water, and 
escape. The rest is made to rise into a half-pint vial, 
which it gradually fills, by displacing the water. The 
vial has been previously filled with water, then 
covered with a bit of glass, and inverted in the wa- 
ter. If it is desired to hang it on the side of the 
bowl, a hook is then introduced, made of strong, 
doubled wire, the two parts being kept about half 
an inch aplart, and the vial is then hung, by its help, on 
the side of the bowl ; or this may be dispensed with, 
and the vial held by the hand in its proper place, while 
the gas is collected. When the process is completed, 
vial and hook, if the latter has been used, are to be low- 
ered into the bowl, the mouth being carefiilly kept 
below the surface ; the hook is then removed, the mouth 
covered with a bit of glass, and the vial then inverted 
upon a plate containing a little water, and so kept until 
it is wanted for an experiment. All other gases, that 
are not absorbed by water, may be collected in the 
same manner. 

Sxpiain the 332. EXPLANATION. — ^Although black 

procei9. oxide of manganese may be employed as 

a source of oxygen, it does not yield this gas at the 
temperature employed in the above experiment. But, 
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for reasons not well understood, the admixture of this 
or any other infusible powder, facilitates the evolution 
of this gas from the chlorate. At a red heat, part of 
the double portion of oxygen which the black oxide 
contains is expelled in a gaseous form. 

332. A Simpler method. — The above 
methodofpre- method, for preparmg oxygen, is herei 
paring oxygen ^^^^^^ bccausc it iUustratcs the mode of 
collection of gases in large 
quantities, and makes its 
accumulation visible to the 
eye. The oxygen needed 
for the following experi- 
ments will be more con- 
veniently prepared by pla- 
cing the mouth of the test-tube, containing the proper 
materials, in a wide-mouthed vial, and .heating, as be- 
fore. As the gas is evolved, it will expel the air, and 
soon fill the vial. 

333. Iron burned in oxtgen. — ^Make 

Ewoeaniron n - - , . -.. 

be burned in a coil of Very fine irou Wire, by winding 
oxygen ? ^j^^ latter arouud a pencil ; fasten one end 

into the middle of a cork, by slitting the lat- 
ter, and attach a fine splinter to the other end. 
Light the splinter, and introduce it into a vial 
of oxygen. The wire itself will take fire, 
and burn with brilliant scintillations. In this 
and the following experiments, the cork is to 
be placed loosely over the mouth of the vial, to pre- 
vent its violent expulsion by the heated gas. 
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334. Explanation.— In this experiment 
plae^ in the the oxygen in the vial unites with the 
t^cvt expert- ^^^^ ^f ^^le wire, and becomes solid, in 
the form of oxide of iron. The oxide 
fuses into a small globule on the end of the wire, and 
occasionally falls, and melts its way into the glass. 
This is apt to be the case, even when water is left in 
the bottom, so that a vial is likely to be destroyed by 
this experiment. The process is exactly the reverse of 
that which takes place when binoxide of manganese is 
heated, to produce oxygen. In the one case, oxygen 
WBB driven from the metal ; in the other, it is drawn 
to it, though not in the same proportion. 

336. Taper rekindled in oxygen. — 
taper experi- Introduce a newly extmguished taper, or 
"***'• shaving, which has a little fire on the wick, 

into a vial of oxygen. It will be immediately rekin- 
dled. This experiment inay be many times repeated 
without a new supply of gas. 
-,,.,. 336. Combustion is more vivid in 

Explain the 

last expert' pure oxygen, than in air, because the latter 
is diluted with other gases, which do not 
take part in the combustion. 

337. CoBrausTiON of phosphorus. — 

Detcribe tlie ^. /. , , i. i 

es^eHment Place a piece of phosphorus, of the 
tt^A phosphor gi2:e of a pea, on a piece of chalk, 
slightly hollowed out for the pur- 
pose, and connected with a cork by a fine 
wire. Ignite the phosphorus, and introduce 
it immediately into a bottle of oxygen. It 
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wHl burn with the utmost brilUancy, producing a light 
which the eye can scarcely bear. 

338. The white fumes which fill the 

What acid re- , , . , . , ^ 

nOisfrom thit bottle ixL this experiment, are composed of 
e^^imentf pajticles of phosphoric acid, which arc 
l^oduced by the union of the phosphorus and oxy- 
gen. They collect on the sides of the vial, and soon 
dissolve in water, which they absorb from the air. 
The water will be found to possess a sour taste, and 
to redden blue litmus paper, which is a characteristic 
of acids. 

339. Combustion or cHARCOAL.-^At* 

Describe the , ,, . . , _ 

ejiy>eriment tach a small piccc of charcoal to 

withehareoalf ^ ^^^ ^^^^^ -gj^.^^ ^^^ ^^^ ^f j^ 

thoroughly, and introduce it into a vial of ox- 
ygen, having a cork at the other end, as 
before. It bums with brilliant sparks. A piece 
of charcoal bark is best adapted to this pur- 
pose. 
,^ 340. Carbonic acid is formed in the 

WTMi is pro- _ ./.,./. 

ducedinihis abovc experiment, from the union of 
txpertmenif carbon with oxygen. It is a gaseoui^ acid, 
and cannot be seen. Neither can it be detected by 
its taste. But a piece of moistened litmus paper, held 
for some time in the bottle, will be reddened by it, and 
proof of the presence of an acid may be thus obtained. 
When wood bums, it also yields carbonic acid. 

341. Definition of combustion. — All 

^jg^coTO- ^^ ^j^^ above experiments are cases of 

combustion, and combustion may be defip 

ned as combination of any two substances, attended by 

7 
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light and heat. Metals which will not btrm in fhe 
air, because it is diluted oxygen, bum brilliantly, as 
has been seen, in pure oxygen. 
342. Prbvioits heat required. — ^In or- 

Whu U heat , , , , , 

required to OBT that most substances may bum, they 
^wi^amhu^ must first be heated, to increase their aflin- 
ity for oxygen. Take carbon, as an exam- 
ple. Before heating, its affinity for oxygen is not su& 
ficient to bring about the requisite combustion. In this 
condition it may, therefore, lie for any length of time, 
in the air, or oxygen gas, without uniting with it. 
But heat stimulates the tendency to combination, and 
the bit of charcoal previously ignited, goes on burningi 
until it is consumed. The first particles obtain the 
necessary stimulus of heat, from the previous igni* 
tion, the next firom the burning of the first, and so on. 
.^^ , . , 343. Uncombined oxygen REa^IISITE.— • 

cxii^ffm is re- Mere presence of oxygen is not sufficient 
wmbu^onf for combustiou. It must be free, or un- 
combined oxygen. After burning char- 
choal in oxygen gas, the vial contains just as much 
oxygen as before, but being already combined, it has 
no affinity, or appetite, for more carbon, and there- 
fore will not produce a new combustion. 

344. Each particle in turn must bis 
de^iVnot^heat' HEATED.-— If the first particlcs that com- 
ed, what takes ]rjjjje, do uot communicatc sufficient heat 

placed Why? ' 

to the next, then the combustion stops. 
This may be illustrated by lighting a tightly wound 
roll of paper, and holding the flame upward. It is 
«pon extinguished, because the heat that is produced 
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hy the combustion of one portion of the paper, is not 
communicated to the next, but passes off into the air. 
But if the taper be held with the flame downward, 
each particle in turn receives the stimulus of heat ne- 
cessary to combination, and the whole is consumed. 

,^ 346. D£CAT OP LEAVES AND WOOD.— • 

What cauMti 

the decay of The decay of leaves and wood, is a sort 
""^^ of slow combustion, but not sufficiently 

vigorous to produce light and heat. In this case, as in 
the ordinary combustion of wood or coal, the particles 
which have combined with oxygen, pass oflT into the 
air, in an invisible form. 

346. Bleaching. — Bleaching may also 

Sou nUMjf < J i» ' 

Ueaehiy be be regarded as a kind of slow combustion. 
regarded f q^ exposing cloth to suu and air, its color- 
ing matter is gradually burned up, by the atmospheric 
oxygen. 

347. Oxygen a purveyor for plants. 
mgg^u a" I^ '^^ '^^^"^ seen that both in combustion 
J^^^^/^ and decay, the oxygen of the air combines 

with the particles of leaves, and wood, and 
coal, and passes off with them in an invisible form. It 
flies off with them into the air, and yields them again 
to living plants, to produce new leaves and flowers, and 
fruits. Indeed, they are entirely dependent, for their 
support, on what they thus obtain from the death and 
decay of their predecessors, through the agency of this 
ever active purveyor, the oxygen of the air. But for 
the fact that the particles of vegetable and animal mat- 
ter, can thus be used again and again, the supply would 
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soon be exhausted, and vegetation cease upon the face- 
of the earth. 

348. Ozone. — ^By passing an electrical 
^^2^7^ current, continually, through oxygen gas, 
for some time, it becomes mysteriously 
changed in its proportions. In this changed condition 
it is called ozone. It is, as it were, intensified in its affin- 
ities by the current, so that like chlorine, it will attack 
silver, and exhibit many other of the properties of the 
latter gas. The electricity of the air has similar effects 
on the oxygen which it contains, and, in consequence of 
its varying electrical condition, the proportion of ozone 
is, also, from time to time, extremely varied. There is 
reason to believe that this substance has important influ- 
ence upon health, and that either its deficiency or excess, 
is injurious. In cholera seasons, it has been observed 
to be present in comparatively small quantity, while, 
during the prevalence of a species of influenza called 
" grippe," it is said to be more abundant. These obsCT- 
vations need confirmation, by further experiments, before 
the facts can be regarded as fully established. The pres- 
ence of ozone, is indicated by the discoloration, through 
the influence of a current of air, of a test paper, de- 
scribed in the section on chlorides. 

,^ , . 349. Relations to life. — Oxygen is 

What relation . , ... , . 

to life doet ox- as essential to life, as it is to combustion. 
ygeneuetatni rpj^^ diluted oxygcu of the air, is better 
adapted to breathing, than pure air, but that which con- 
tains much less than its due proportion, is no longer 
fitted to support life. Respiration consumes oxygen, so 
that the air of a close room is constantly being depri- 
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Ted of this essential constituent, without obtaining any 
new supply. As a consequence, it soon becomes unfit 
to breathe. The case is similar to that of a taper 
burned in a bottle. The oxygen of the air in the bot^ 
tie, is gradually consumed, and the flame grows grad- 
ually more and more dim, till it goes out. So life grows 
fainter and fainter, in a close, unventilated room. 
What Usaid 350. Oxygcu has been used, with great 
of oxygen M succcss, as a mcatis of resuscitation, in cases 

a means of ' ' 

retuteitation f of suffocatiou and drowning, when similar 
use of air was without effect. In such cases, it is forced 
into the lungs through a tube, from a jar or bladder. 

CHLORINE. 

What is ehlo- 361. DESCRIPTION. — Chloriuc is a yel- 
!^f' . lowish green gas, of peculiar odor, about 

foundi %\ times as heavy as the air. More than 

one half of common salt is chlorine. Salt mines and 
the ocean, therefore, contain it in immense quantities. 
^ , 362. Preparation. — Chlo- 

How U ehlo- . . , ^ 

rineprepar- riue IS prepared from muriat- 

^^ ie acid, which is composed of ^ 

chlorine and hydrogen, by using some 

agent to retain the latter, and liberate the 

former. Black oxide of manganese is^ 

such a substance* 

Give ike com- 363. The oxide is well covered with mu- 

pUu proceeds, natic acid, and kept warm, as the evolution 

of the gas proceeds. This is best effected by a cup of 

hot water, as represented in the figure. Chlorine gas 

soon displaces the air in the second vial. It should bd 

cocked as soon as filled. 
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Sxpiain ths 36^ I^ ^^^ ^ remembered that bliek 
J»»''«>«*»«- oxide of manganese, is a substance con- 

taining a doable portion of oxygen, part of which 
is feebly held, and yery willing to go. Its use in 
making chlorine, depends on this fact. The loosely 
held oxygen, seizes upon the hydr<^en of the muri- 
atic acid, remaining with it as water, and at the same 
time setting its chlorine at liberty. 

355. A SIMPLER METHOD. — Acids cxpcl 
^fther method chlorine from many bases which have 




emn^*^ previously been made to absorb it. 
Lime is one of these bases. Pour 
into a wide-mouthed, half-pint vial, a table 
spoonful of dilute sulphuric acid, and add 
rather more than the same bulk of chlo- 
ride of lime, or bleaching powder. It is best 
to add it in small portions, covering the vial 
with a cork or bit of glass, after each addition. 
The vial will soon be filled with faintly green chlorine 
gas. More of the materials will be required, if the 
chloride of lime is deteriorated by exposure to the air, 
as is often the case. The gas thus produced, may be 
used for most of the experiments which follow, with- 
out transferring it to another vessel. 
^^ 356. Chlorine, heavier than 

that eM<yrine AIR. — This is already imperfectly 
"th^^^f proved, in the first method of col- 
lecting chlorine, but the follow- 
ing proof is more satisfactory. The gas pro- 
duced in the last experiment, may be slowly 
^ored from the vessel containing it, into 
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another wide-mouthed vial. The second vial, if 
the smaller of the two, may be thus filled without re- 
ceiving any acid from the first. In small quantities 
the gas cannot be seen to flow, but will actually pass 
irom one vessel into the other. Its presence may be 
proved by the methods given in tlie following experi- 
ments. 

^^ 357. Chlorine dissolves in water. — 

that chioHne Having filled a vial with chlorine, by the 
jwwjvM tn gj,g^ Qf ^Yie methods above described, cork it, 
and open it under water, contained in a 
bowl. As the gas dissolves in the water, 
the latter will rise to take its place. When 
it has risen a little way, cork, and shake 
the vial, and open it again below the 
surface. The water will then rise and 
dissolve still more of this gas. The so- 
lution is to be set aside for a subsequent experiment. 
Gas produced by the second method above described, 
may also be used in this experiment, if previously 
transferred to another vial. 

^^ 358i Action of chlorine on metals. 

aetwnofchlo- Chlorine gas combines with many metals, 
nne<mfnetal9, converting them into chlorides. Their ac- 
tion may be illustrated by sprinkling finely pulverized 
antimony, into a bottle of chlorine. Each particle of 
metal ignites as it falls through the gas, and a minia- 
ture shower of fire is thus produced. The white smoke 
which is produced in this experiment, is composed of 
minute particles of chloride of antimony. 
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369. Nascent chlorine. — Nascent chlo- 

What%Mth0 ... . , . , 

action of not- Fine, III its action on the metals, is the most 
cetuchiorinet ^yj^Q^f^i agent known. Even the noble 
metals yield to its power, and waste away in the liquid 
which contains it. The tenn nascent signifies being 
born, or in the act of formation. 

What i8 the ^^^' ^'^ gascs are most energetic, in 

general /act their action at the first moment of their 

in relation to . /> i i • i 

noMcent bo- separation from compounds which contain 
^**' ^ them, and while they may be regarded as 

still retaining the solid form themselves. The subse- 
quent expansion into the gaseous form, diminishes their 
energy. 

361. Nascent chlorine is best obtained 
iJuehl^riM by mixing hydrochloric acid with half its 
beet obtained f ^^^^ ^f strong nitric acid. Such a mix- 
ture is called aqua regia. The latter acid compels the 
former to yield a constant supply of its own chlorine in 
the nascent condition. It does this, by means of its oxy- 
gen, which seizes upon the hydrogen of the hydrochlo- 
rine acid, forming water, and sets its chlorine at liberty. 
The remnant of the nitric acid escapes, as in the case 
of its action on metals hereafter described. 

362. Chlorine decomposes water: — 
decoinpote wa- If chlorine water be exposed to the sun 
^^^ for some days, it loses its green color. 
The chlorine combines with the hy- 
drogen of the water, forming hydro- 
chloric acid, and sets its oxygen at 
liberty. If the experiment be made in 
a bottle, inverted in water, so that the 
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Oiygen ittay collect, bubbles of this gas will be found 
above the liquid. This experiment proves the pow*> 
erful affinity of chlorine for hydrogen. 

363. Bleaching bt chlorine.— Intro- 

ffow is calico _ , . - , . . , , . m 

bleached hy duce bits of calico uito the solution of 
chlorine f chlorine before obtained. Most colors will 
soon disappeai^. If the solution is weak, the bleaching 
effect will be better shown, with infusion of litmus or 
red cabbage. Color may also be removed from cloth 
or paper by hanging the article to be bleached, pre- 
viously moistened with water, in a vial of gaseous 
chlorine. 

„ ,, 364. Chlorine water may be prepared 

Howischlo' . , .,,,.,,. 

rine water best lu larger quantity, by leadmg the gas di- 

preparedf rectly into water. The first of the two 
methods before described, will be found the most ad- 
vantageous. 

365. Oxygen the real bleaching 

Explain how __, _ , , , . . , . 

chlorine AGENT. — The real bleachmg agent in this 

bleaches, method of bleaching, is the same as that 

mentioned in paragraph 346. It is oxygen, always 
present during the process, as an element of the water 
which moistens the material. The chlorine simply 
acts to bring nascent oxygen into activity. It does 
this by depriving it of the hydrogen with which 
it is combined. The oxygen having thus lost its com- 
panion, looks about, as it were, for something else 
with which to combine. The coloring matter of the 
cloth being the first thing at hand, is destroyed by the 
extreme eijergy of its affinity. 
7* 
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' , , 366. Aonoir or nascsstt oxTesN.«^The 

Show tht Ha- 

¥ma4ipe of superior foice of an element in Us nascent 
mMc^n^ oxif' coijdition is strikingly shewn in the «boFe 
experiment. A piece of calico, hung 
in a bottle of oxygen gas, would not lose its color. 
But the nascent oxygen which chlorine liberates, be- 
{;ins to destroy the coloring matter on the first instant 
of its liberation. 

367. Chlorike and tubpentini:. — ^Im- 

Deteribe the . , . 

tftjifamii^ pf morse a rag wet with camphene or spirits 
^^^ h of turpentine in a vial of chlorine 
gas. It is immediately inflamed, 
with the production of dense black smoke. 
Spirits of turpentine is composed of hydro- 
gen and carbon. The former combines 
energetically with chlorine, as to produce 
flame in the above experiment, while the latter 
is separated in the form of black particles, which con- 
stitute the smoke. 
^ , , . 368. Use as a disinfectant. — ^As chlo- 

l9 cMortne a . , , , , 

diiinfeetant f Title destroys color, when used as a bleach* 
^^ ing agent, so it destroys noxious vapors in 

the air. Its minute atoms fly forth like birds of prey, 
seizing on the impurities of the atmosph^e, and de- 
vouring them. Chloride of lime is commonly substi- 
tuted for chlorine for this use. A little of this salt is 
placed in a saucer, and moistened, when it gradually 
yields chlorine through the action of the carbonic acid 
of the air. Stronger acids evolve it abundantly. 
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369. Chlorhts a destbuctits agent. 
ofekianne m Chloiine, as has been seen, is one of tho 
•^27^**^ ™^®^ destructive of all sul^tances. It not 
only destroys colors and odors, but any 
kind of Tegetable or animal matter, long submitted to 
its action, wastes away, and is destroyed. It does this 
partly by its own direct action, and partly by letting 
loose the atoms of nascent oxygen, as before described. 
, , 370. In what sense destructive. — It 

M it deMtruet- is always to be borne in mind that the 
^^ term destruction is used in chemistry in an 

entirely figurative sense. Thus, neither oxygen nor 
chlorine, strictly speaking, destroy. They only com- 
bine with the particles of the substances they seem to 
destroy, forming new, and often invisible compounds. 
Many of these will be hereafter mentioned. 
_. . , 371. Relations to animal life. — Chlo- 

Oive the tda- ... ^^ -• i 

tions of ehJo- rme IS a poisonous gas. No danger, howr- 
fo^V'''*'**"*'^ ever, is to be apprehended from the escape 
of small portions into the air, during the 
preceding experiments. The diluted gas, however, is 
apt to produce irritation of the throat, and consequent 
coughing. 

In what re- 372. RESEMBLANCE TO OXYGEN. ^lu 

^J^^^^ many respects chlorine is similar to oxy- 
*embu oxy- gen, 33 has already been shown. It com* 
^ bines with almost all of the elements, and 

with many compomids. This combination is often 
attended with light and heat, and is therefore com* 
bustion. The metal antimony, for example, as has 



156 



MXTTALLOTDS. 



already been shown, will bum, in chlorine gas, even 
without kindling. 

Mentimt •om« 373. COMPOUNDS OF CHLORINE AND OXT- 

w»po««Ay oEu. — Chlorine combines with five atoms 
ozjfgen- of oxygcu to form chloric acid. This acid 

is of importance, principally, as a constituent of the 
chlorate of potassa, analagous, in its leading properties 
to nitrate of potassa. Hypoclorous acid, a constitu- 
ent of bleaching powders is another compound of chlo- 
rine with oxygen. It is again mentioned in the section 
on Chlorides. 
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374. Description. — ^Iodine is commonly 

What uio' 

tUnef Where seen in the form of brilliant blue-black 
M itfimndf scales, somewhat similar to plumbago in 
appearance. In odor it resembles chlorine. It is found 
in the water of the ocean, in sea-weeds, sponges, &c., 
but always in combination with sodium, or some 
other metal. Minute traces of it are found to exist in 
the atmosphere, and thence are transferred to the bodies 
of animals. 
^ , . ^ 376. Preparation. — For the preparation 

Sxpla%nth4 !• • J- 1 

manufacture Of lodine, a lye 
ofiodinef made from the 
ashes of certain sea-weeds, 
is heated with oil of vitriol 
and black oxide of manga- 
nese. The liberated oxy- 
gen of the latter expels va- 





pors of iodine from the mixture. These being led into 
a receiver, crystallize in brilliant scales. A retort and 
receiver are commonly used in the process. The ashes 
of sea- weed, employed for the purpose, are called kelp^ 
and are prepared in great quantities on the coast of 
Scotland. 

376. Violet vapors of iodine. 
v^^vaport Introduce a few scales of iodine into 
^/J^*^P^ a test-tube or vial, and heat it for 
a moment over the spirit lamp. The 
solid iodine is immediately converted into a 
beaatiful violet vapor, which iSlls the vial. As 
the latter cools, the iodine becomes again solid, 
in the form of minute crystals. On warming 
these crystals, the color re-appears. 

377. Coloring effect on starch.- 
Deteribethe jj^at a little iodine in a pipe 

effect produ- ^ *^ 

eed by iodine Stem, and as soon as vapors ap- 
J^T^^ pear, blow them against a sheet 

of paper, covered with figures 
made with thin starch paste. The iodine vapor imme- 
diately colors them blue. The paste may be made in 
a test-tube, over a spirit lamp. 

378. Engravings copied by iodine. — 

How are en- . . ^ , 

gravinge copi- A transient copy of an engravmg, or other 
ed by iodine f printed matter, may be made, by exposing 
it to faint fumes of iodine, and then pressing it down 
upon paper moistened with vinegar, or dilute nitric 
acid. The vapors, adhere to the ink only, and are 
transferred by pressure ; producing, with the starch 
contained in ordinary letter paper, a blue impression* 
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379. Bromine is a dense reddish-brown 
^ 6r«miiie; fluid, exhaling at ordinary temperatnres, a 
deep orange-colored vapor. It is similar, in 
its chemical properties, to chlorine, btct the latter is 
the stronger of the two, and expels bromine from its 
compounds. Thus, if chlorine be passed into one end 
of a heated tube containing bromide of silver, the va- 
pors of bromine will be seen to pass out at the other 
end, and escape, while the chlorine remains, and takes 
possession of the metal. Bromine, like chlorine, is 
found in sea- water, and in the water of mineral springs, 
combined with sodium, or some other metal The 
power of chlorine to expel it from its compounds, is 
made use of in manufacturing bromine. This sub«- 
stance is used in photography, but is otherwise of little 
general interest. Although widely distributed, it ex- 
ists in nature, in comparatively small quantities. Bro- 
mine vapors have the effect of imparting to starch a 
beautiful orange color, 

FLUORUm 

WhajL is said 380. Fluorinc is yellowish-brown gas, 
0/ fluorine? ^f strong odor, somewhat similar to that of 
chlorine. It is one of the elements of the beautiful 
mineral, ^wor spar. It is prepared from the fluoride of 
potassium, by means of the galvanic current. Its isola- 
tion has been attended with great difficulties, and the 



gas is therefoare ioSperleotly known. lis principal com* 
pounds, aie hydrofluoric acid, and fluor spar, to be here- 
after described.* 

SUUPHUB. 
^^ , 381. Description. — Sulphur is a brittle 

What M mijt* 

phurf Where yellow solid, burning with a pecuhar odor, 
doe^u occur f made familiar in the ignition of common 
friction matches. W^^^ ^^^ metals, it forms sulphides 
or sulphurets. In Sicily, and certain other volcanic 
regions, it occurs in beautiful, yellow crystals. Gyp- 
sum, and iron pyrites, or fools gold, represent the two 
principal classes of minerals that contain it. It also 
enters in small proportion into the composition of all 
animal and vegetable substances. It is the sulphur in 
eggs that blackens the silver spoon with which they are 
eaten. 

^^ 382. Preparation. — In preparing com* 

manufaeiure mercial sulphur, the impure material of 
0/ 9uiphw f yolcanic regions, is highly heated, and thus 
made to fly off as vapor, leaving its earthy impurities 
behind. The vapors are condensed as flowers of 
sulphur. The process by which a solid is thus vap- 
orized; and re-rconverted into a solid, is called sublimor 
Hon. Native sulphur may also be partially purified by 
simple fusion. Its earthy impurities having settled, 
it is poured off into moulds, and thus converted into 
roll brimstone. 

* Many compounds of ehlorine, bromine, iodine and flooripo, witb^ 
each other and with oxygen, are known to the chemist, but they are 
without interest to the general student. 
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383. Sublimation ov Sulphur. — 

^i^i^ The sublimation of sulphur may be 

of sulphur he shown by heating a small bit of the 

substance in a test-tube. Flowers 



Whatistaid 
of the com- 
Suetion of 
uUphur f 




of sulphur will deposit in the upper portion of 
the tube. 

384. Combustion of Sulphur.- 
Melt some flowers of sulphur upon 
the end of a wire wound with cotton 
thread, and hang them after ignition in a 
vial of oxygen gas. The oxygen gas com- 
bines with the sulphur, forming a new com- 
pound gas, called sulphurous acid. A bril- 
liant blue flame accompanies the combina- 
tion. It thus appears that acids may be gase- 
ous, as well as liquid. The acidity may be 
proved, as usual, by blue litmus paper. 

., , 386. Bleaching by Sulphur. — ^Intro- 

Deecrtbe the , ^ . . i 

nroceae of ducc a red rosc, or other flower, mto a vial 

oleachin 




oleaching by 
means of evl- 
phurf 



filled with sulphurous acid. It will soon 
lose its color. Wash it with dilute sulphu- 
ric acid, and the color re-appears This experiment 
may also be made in a bottle, in which sulphur has 
been burned in common air. 

386. Explanation. — Sulphurous acid 
phuroua acid forms a white compound with the red color- 
bleachf ji^g u^atter of the rose. It may seem incom- 

prehensible, that a colorless gas, and red coloring 
matter should unite to form white, and it would be 
so, were the case one of mere mixture. But it is an 
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instance of chemical combination, in which as is often 
the case the properties of the constituents entirely dis- 
appear. When sulphuric acid is afterward used, the co- 
lor re-appears, because the stronger acid has expelled 
the weaker, and has itself no inclination to form with 
the coloring matter a similar combination. 

387. Straw bleaching. — The bleach- 
proeets 0/ ^^S ^^ straw goods is always effected by 
straw bleach' sulphurous acid. They are first moistened, 

and then exposed to the fumes of burning 
sulphur. An inverted barrel is often mad^ to serve 
the purpose of a bleaching chamber. Articles thus 
bleached by sulphurous acid, after a time, regain their 
color. This is not the case in chlorine bleaching, be- 
cause the coloring matter is not merely changed, but 
destroyed. The agent is not applicable to straw, on 
account of a faint brown tinge which it imparts to the 
material. 

388. Copying medal- 
^tJf' i.ioNs;_ Sulphur melts, 
mMUUiions by readily, by application of 

^ ^^ heat. At a higher temper- 

ature, it thickens again. Still further 
heating, makes it again fluid. In 
this second period of fluidity, it has the remarkable 
property of assuming a vrsxy consistence, on being 
poured into water. In this condition, it is used for 
copying seals, coins, and medals. The copy acquires, 
in a few hours, the original hardness of sulphur. The 
plastic material may be obtained in the form of elastio 
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strings, by pouring molten sulj^ur from a test^tabe, 

into cold water- 

„ 389. Sulphur crystals. — Sulphur may 

Jzot0 may ttyi' 

ial9of wl- be obtained in a crystalline form, by melt- 
^^Ldf^^ ing it in a pipe bowl, at a gentle heat, and 

then allowing it to cool. A cmst 
soon forms on the top, which is broken, and a 
portion of the liquid sulphur below, poured out. 
On breaking the pipe, it is found filled with crystals, 
shooting across the interior, from the encrusted walls. 



SULPHURIC ACm. 

DeseHbe sul- 390- Descriptiok. — Sulphuric acid is a 
pkuric C4fid, colorless, oily fluid, of intensely acid taste, 
known in commerce as oil of vitriol It is composed 
of sulphur and oxygen, in the proportion of one atom 
of the former, to three of the latter. It also contains 
water, with which it is chemically combined. As 
it is among the most important of all chemical 
products, the process of its manufactiure will be given 
with some detail. 

391. Preparation. — Sulphuric acid may 

ffow may tut- , , , . , ^ . , , . 

phuric add he be made directly, from its elements, by ig- 
prepared f niting a mixture of air and vapor of sul- 
phur, with a red-hot iron. In quantity, it is always 
made from sulphurous acid, by imparting to the latter 
additional oxygen. Take a bottle in which sulphm 
has been burned, and which, therefore, contains sulphur- 
ous acid, and hold in it, for a short time, a rod ot stick 
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xmnstened with Bitrie acid. The gaseous solphuroiii 
acid obtains oxygen firom the nitric acid, which is rich 
in this element, and very liberal of it, and thereby be- 
comes solphuric acid. A little water^ previously placed 
in the bottom of the vial, absorbs the acid 
thus formed. To acidify the water to any 
considerable extent, it will be necessary to 
bum sulphur, and introduce the moistened rod 
repeatedly. That the acid is not the sulphu- 
rous or the nitric acid, employed in the pro- 
cess, may be proved by using it to make hy- 
drogen gas. 
„ 393. Remark. — The red fumes which 

What eauset /•,,,.,.,, 

tke red fumes ml the Vial m the last experunent, consist 
^Z^^) of the changed nitric acid, (nijric oxide,) 
which has just given up part of its oxy- 
gen, and is now resuming port of it from the air. It 
thereby becomes a third substance, of a red color, to 
be again mentioned in the section on nitric acid. 

393. Manufacture op oil of vitriol. 
t^j^rieaeid — The method of the production of oil 
uireT^'^' ^^ vitriol on a large scale, is essentially the 

same as that above given. Fumes of 
burning sulphur, and vapor of nitric acid, with air and 
steam, are introduced into a leaden chamber, when the 
process proceeds, as before described. 

394. Comparatively little nitric acid is 

Why is but ,,. , /...r ji 

liuie niirie needed m the jHrocess, for it is found that 
acid required r ^j^jj^ -^ y-^j^^ oxygcn to the sulphurous 

fumes, the chained acid greedily seizes oxygen from 
^ air of Uie chamber, and imparts it again, to keep ui^ 
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the process. The air is, therefore, the r^ oxidizer; 
while the changed nitric acid only acts to transfer it 
to the sulphurous fumes. 

Describe the ^^^' DESCRIPTION OF ACID CHAMBERS. 

aeidehamberi, The figure represents one form of the 
leaden chambers 
employed in the 
above manufac- 




ture. Connect- 
ed with them 
are a steam boiler and two furnaces, in one of which 
sulphur is burned, and converted into sulphurous acid. 
Over the sulphur is another vessel, containing the 
materials for making nitric acid, the formation of which 
commences as soon as the sulphur flame has imparted 
the requisite heat. The vapors thus produced, are 
mingled with air and steam in the leaden chamber. 
How they act together to produce sulphuric acid, has 
been already explained. The space is divided by a 
partition, in order that all the materials may be more 
thoroughly mixed, as they pass through the narrow 
opening below it. The acid, as it forms, dissolves in 
water which covers the bottom of the chamber, and is 
thus collected. Lead is used as a lining for the cham- 
bers, because the acid would destroy almost any other 
material that might be employed. 

. 396. The dilute acid obtained from the 

chamber acid chambers, is Concentrated first in leaden 
eonceturaiedf yggg^ig^ ^^^ afterward, wheu it has become 
strong enough to corrode the lead, in retorts of platinum. 
The metal platinum, being of about half the value of 
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gold, the vessels in which the evaporation is cairied 
on, are extremely expensive. Some manufactories djB- 
liver tens of thousands of pounds of sulphuric acid per 
day. 

397. Comparative strength op sul- 

J7ow Uthe « 1 1 . . -I . L 

ttrengthof PHURIC ACID. SulphuriC acld IS thC 

£7^ "^^^ Strongest of all acids. This may be shown 
by bringing it to a direct trial of strength 
with other strong acids. If poured, for example, on 
nitrate of potassa, which is, as its name implies, a com- 
pound of nitric acid and potassa, it takes sole possession 
of the base, and expels the nitric acid in the form of 
vapor. It expels muriatic acid from its compounds in 
the same manner. This is the method by which nitric 
and muriatic acids are always obtained. Whatever 
they can accomplish when free, may therefore be 
traced back to the power of sulphuric acid, which gave 
them their liberty. The latter is the king among the 
acids, who accomplishes indirectly, what he cannot ef- 
fect in person. The solution of the noble metals by 
aqua regia is one among these indirect results. 

398. Sulphuric acid is volatile at high 

It it gtrongest -m ^ - i i 

at high iempe- temperatures. Phosphoric, and other non- 
raturesf volatile acids, are, therefore, under certain 

circumstances, superior to it. This is illustrated in cer- 
tain crucible operations, where compounds containing 
sulphuric acid are heated with such acids. The sul- 
phuric acid is then easily dispossessed, and compelled 
to take refuge in flight. 

What is the 399- ACTION OF SULPHURIC ACID ON 

a^ion of «J- ji^xAi-s. — Sulphuric acid attacks all metals, 

phurte acta ^ . ^ i • j m- 

mimdaU . with the exception of platmum and gold. 
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Even the dilute acid acts on all the metals hereafter 
named, as far as manganese. 

400. The action of the dilute acid may 

Illu9tr<Ue the 

action of the be illustrated, by placing a few bits of zinc 
dilvu add. j^ ^ tumbler, with a little water, and ad- 
ding a small portion of oil of vitriol. The metal dis- 
solves with the evolution of hydrogen gas. The rea- 
son of the evolution of this gas has been already 
given. 

401. The action of the strong acid may 

lUuttrate the o 7 

action of the be illustrated, by heating a little copper, 
^rongaeid. ^j^j^ ^y ^f yitriol, in a test-tube. The 
metal dissolves with the evolution of sulphurous acid 
fumes. The reason of the appearance of sulphurous 
acid will be given in the next section. 

402. Affinity for water. — The affin- 
t^^tyUnU' i*y ^^ sulphuric acid for water is so strong 
phurk acid that it lays hold on every particle of the 

invisible aqueous vapor of the atmosphere. 
It finds it, in what seems the driest air ; and every par- 
ticle which it catches, it retains. It grows in bulk 
by what it thus drinks, as will be seen if a little oil of 
vitriol is left exposed to the air, for a few days, in an 
open vessel. It is sometimes necessary, in chemical 
operations, to free gases from all the aqueous vapor 
which is mixed with them. This is done completely, 
by causing them to bubble through oil of vitriol, and 
again collecting them. 

403. Heat by Dilution. — ^Wheri sul- 
piacewhensui' phuric acid and water are mixed, conden- 
j^^^aeid m ^^^{0^ takes place, accompanied by eleva- 
tion of temperature. Fifty cnbic infchies <rf 
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falphuric acid, and fifty cubic inches of water, when 
mixed, do not fill a vessel of the capacity of one hun« 
dred cubic inches, but fall about three inches short. 
Condensation has, therefore, taken place to the amount 
of three inches. Heat is, as it were, pressed out in 
such cases, as explained in the early part of this work. 
' ^ . , 404. Wood cha&bkd by sulphuric 
phuricaeid ACID. — Wood dipped in oil of vitriol is 
fhar tooodi ^^^ charred. Wood is composed of car- 
bon, hydrogen, and oxygen. The last two together 
form water. The affinity of sulphuric acid for water has 
been mentioned above. The acid and the wood being 
in contact, it would seem that the hydrogen and the 
oxygen of the latter agree to combine and satisfy this 
demand. The carbon being at the same time isolated, 
appears in its natural black color. Sulphuric acid exp- 
erts a similar action on other vegetable substances. 

405. Impobtaiit uses. — Sulphuric acid 
wet of nU' is largely employed for dissolving indigo, 
pkurufoeidf f^^ ^^ ^^ dyeing and calico printing ; also, 
for converting common salt into sulphate of soda, as a 
preparatory step to the manufacture of carbonate of 
soda. ' It is also essential in the manufacture of super- 
phosphate of lime, an article now extensively used 
in agriculture. Nitric and muriatic acids are pro- 
duced through its agency from nitre and common 
salt. 

SULPHUROUS ACID. 

What i$ 9ul- ^06. Description. — Sulphurous acid is 
i^wro9$ aeidf a gas, having the smell of a burning match. 
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It is composed of sulphur and oxygen, in the proportion 
of one atom of the former to two of the latter. The ter- 
mination ^^ ous" indicates, as in other cases, a smaller 
proportion of oxygen than is contained in some other 
acid composed of the same elements. 
,^ . , 407. Preparation. — ^It has already been 

phurotM acid shown that this acid may be prepared, by 
prepared^ burning sulphur in oxygen. Another, and 
better method, is to heat oil of vitriol, with bits of cop- 
per. The oil of vitriol is thus 
deprived of part of its oxygen, 
and converted into sulphurous 
acid. The process may be con- 
ducted in a test-tube. By lead- 
ing the gas through a smaller 
tube, into a vial partly filled with 
water, a solution "of sulphurous 
acid may be obtained, possessed of the same bleaching 
and other properties as the gas itself. When the evolu- 
tion of the gas conunences, the heat of the lamp is no 
longer required. 

Explain the 408. EXPLANATION. — Ooppcr has a vcry 

process, strong affinity for oxygen, and takes it 

from the oil of vitriol, which possesses it in large pro- 
portion. The oil of vitriol, thus deprived of part of 
its oxygen, is converted into sulphurous acid gas. 

409. Use in preserving wines. — Sul- 

Why is sul- , . _ . __ ... 

pkurous acid phurous acid, m small quantities, is some- 

dsTtoZne'fi ^^^^^ ^^^^^ *^ ^^^^^ *^ prevent its sour- 
ing. This change is owing to the absorp- 
.lion of oxygen from the air. Sulphurpus acid is a 
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sabstance possessed of an excessive appetite, or affinity, 
for oxygen. A small portion of it in a wine cask, will 
seize on what little oxygen finds admission, and so 
prevent the deterioration of the wine. It destroys it- 
self in this act of protection, and is converted into sul- 
poric acid. 

Rwo U nd' ^^^' ^^^ *^ SUGAR MANUFACTURING.— 

phurausacid The oxygen of the air so modifies the 

employed in • • /• • « . 

manufactur- J^^ce of the sugar-cane, that it cannot be 
ing sugar f made to yield its due proportion of sugar. 
Sulphurous acid, by appropriating the oxygen to itself, 
prevents this eflfect, and is said to double the product. 
It is generally used in the form of its lime compound, 
called sulphite of lime. The objection to its use con- 
sists in the slight sulphurous taste which it imparts to 
the sugar. But this is said to be removed by clarifi- 
cation, at a loss of ten per cent., leaving still a lai^e 
gain from the employment of the process. The bleach* 
ing effects of sulphurous acid have already been illus- 
trated. 

NITROGEN. 

411. Description. — ^Nitrogen is a trans- 
troffen f parent gas, without taste or odor. It forms 

WW^t* U about four-fifths of the aijr we breathe. It 
occurs also in combination with other ele- 
ments in a solid form. One-fifth of the weight of the 
dried flesh of animals is nitrogen. It also enters into 
the composition of nitre and other salts. 




S^mUmirfh ^12. Preparation. — Nitrogen is pie- 
gen prepared f pared from Ordinary air by removing its 
oxygen. For this purpose a small portion of phospho- 
rus is floated on a slice of cork upon water, and then 
kindled, and a vial inverted over it. 
As it burns, it abstracts the oxygen ; 
the water rises to take its place, and 
what is left of the air is nitrogen. 
The cork should be a little hol- 
lowed out, and chalk scraped into 
the oavity. Water must be poiured into the saucer as 
the first portion rises into the bottle. The bottle is 
then cooled, either by water or long standing, and 
corked while yet inverted It is then shaken, to wash 
the gas. A piece of phosphorus, of the size of a large 
pea, is suflBicient for the preparation of half a pint of 
gas. 

Sxplmnthe ^13. EXPLANATION. — The burning phos- 

proceu. phorus selccts all of the oxygen atoms in 

the air, and, by combining with them, converts them, 
into solid particles of a certain oxide of phosphorus, 
called phosphoric acid. These particles at first ap- 
pear as a white smoke, and are afterward dissolved in 
the water. 

414. Nitrogen extinguishes flame. — ^If 

Does nitrogen . , i i i. 

extinffuUh a burning taper be lowered mto the bottle of 
fame y jjjjjQgen^ ^s abovc prepared, it will be im- 
mediately extinguished. Flame is the brightness which 
accompanies active chemical combination, but here is 
nothfug to combine. Nitrogen is a sloth among the 
elements, possessing no degree of chemical activity. 



415. Principal office of nitrookn.— • 
^^w*Ji The principal office of the nitrogen of the 
/eeofnitro- air is to dilute its oxygen. The latter, if 
pure, would soon consume our bodies, as 
it hastens the combustion of a taper, or other combua* 
tible. 
„, , , 416. The atmosphere. — ^The air we 

What U the • 

eompontum breathe, and which, to the depth of fifty 
of keatri naiieg or more, forms the crystal shell, or 
envelope of the globe we inhabit, is a mixture of nitro* 
gen and oxygen gases, with aqueous vapor. It also 
contains small and varying proportions of carbonic acid, 
and ammonia. 

^ . . 417. Proof that air is a mixture.-* 

proved to he a That it is a mixture, and not a chemical 
m,txtur€ f compound, is sufficiently evident from the 
fact that it possesses no new and peculiar properties 
different from those of its constituents. It is further 
proved to be a mixture, from the fact that heat, which 
is the usual attendant on chemical combination, is never 
occasioned when air is artificially produced by the ad- 
mixture of its constituents. 

What purpose 418. UsE OF CARBONIC ACID AND AMMONIA 

it eerved by j^ ^HE AIR. — Carbouic acid and ammonia, 

uMcttroonte 

acid and am- although present in the air in extremely 
'^^^^^ small quantity, subserve the most impor- 

tant purposes in administering to the growth of plants. 
They constitute the gaseous food of all forms of vege- 
table life, as will be more fully explained in succeeding 
cliapters of this work. 
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iTow t« the 



419. Analysis of the air. — ^The me* 




proportion of ^^^^ ^V which the relative amount of ox- 
nitrogen deter* ygen and nitrogen in the air is detennined 
has been already given. On burning phos* 
phorus under a glass jar, as there described, the water 
is found to rise and fill a 
tittle more than one-fifth of 
the vessel, thereby indica- 
ting that one-fifth of the 
air which it contained was 
oxygen gas. The remaining j^ths is nearly all nitro- 
gen. In accurate experiments, a. graduated tube is 
employed, instead of a jar or tumbler. It is not es- 
sential that the phosphorus should be ignited. With- 
out ignition, it will gradually combine with all the 
oxygen, and remove it from the air contained in the 
tube. 
„ . ^^ 420. In order to determine the amount 

Mow tithe 1 , . • 1 . , 

amounto/ear- 01 aqueous vapor and carbonic acid m the 
^anS^ijjwh atmosphere, a gallon, or other measured 
fUa deter- quantity of air, is drawn through tubes 
containing materials to absorb these sub- 
stances. This quantity is known by the increased 
weight of the tubes after the experiment is completed. 
421. The apparatus described. — The 

Deterihe the , . • 

apparatus apparatus used in the experiment is repre- 
a»a/**il'*** sented in the last figure. It consists of a 
bottle, or small cask, filled with water, and 
provided with a cock below. The cock is turned, and 
as the water flows out, air flows in through the tube to 
take its place. The quantity of air that has passed 
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trough the tubes is known by the quantity of water 
that has flowed out from the cask. The materials em- 
ployed in the tubes are pumice stone drenched with oil 
of vitriol, in the first, to absorb the water ; and caus* 
tic potassa, in the second, to retain the carbonic acid. 
The method for determining the amount of ammonia 
in the atmosphere is essentially the same, muriatic acid 
being used as the absorbant. 

422. Proportional composition or 

What are the r ^i_ /• 

propoHioMof THE AIR. — The proportious of the four 
^^tuuulv^c^ constituents of the air above mentioned, 
the atmc as obtained by the method just described, 
'^^''^^ are, about 21 per cent, of oxygen, 79 of 

nitrogen, jrVvth of carbonic acid, and TT.nVT.Tvvth of 
ammonia. The proportion of aqueous vapor is exr 
tremely variable. That of carbonic acid and ammo- 
nia is also variable to a considerable extent. 

NTmiO ACID. 

What U nitrie ^^3. DESCRIPTION. — ^Nitric acid is a thin, 
«^^ colorless, and intensely acid fluid. It cor- 

rodes metals instantaneously^ with the evolution of deep 
red vapor. It is composed of nitrogen and oxygen, in 
the proportion of one atom of the former to five of the 
latter. It contains, in addition, water, with which it 
is chemically combined. It is possible to make it an- 
hydrous, or free from water, but such an acid is never 
used. 

Him i8 nitric ^24. PREPARATION.— Nitric acid exists 
aeidpreparedf jn a dormant State in ordinary saltpetre. 




VIA MBTALtOMIS*. 

Its affinities being entirely satisfied by the potssSa with 
which it is combined in that substance, it lies there pet^ 
fectly inactive. Sulphuric acid being stronger, has the 
power of taking its base, 
and expelling the acid in 
the form of vapor. In or- 
der to collect and condense 
the acid fumes, the mixture 
may be made in a test-tube, 
the mouth of which ojfens ^^ 
into a vial or flask. It is necessary to keep the vial 
covered with porous paper or cloth, and to moisten it 
frequently in order to maintain its coolness. Wher e 
kirger quantities are prepared, a retort and well-cooled 
receiver are employed, as represented in the Appendix* 
_ ^ 425. OxiDATioK OF METAL8. — If a little 

What effect . . ., . - 

has nitric acid uitric acid IS poured upon a Coppercom, 
on metaU f placed in a capsule or saucer, the coin will 
immediately begin to dissolve. It is not, strictly 
speaking, the metal which dissolves. One portion 
of the acid first converts the metal into oxide, by giving 
it part of its own oxygen. It thereby destroys itself, 
while another portion of undecomposed acid dissolves 
the oxide which is formed. One portion, in reality, 
sacrifices itself to satisfy the appetite of the other. Most 
other metals are similarly acted on by nitric acid. 
What u nitric ^26. NiTRic OXIDE.* — ^The vapors which 
•***' are given oflT in the last experiment are 

* It will be obseryed that the term oxide is aomelimes applied to 
compounds of the metalloids with oxygen. (See ohap. iiL, Inorg. 
Chem.) 
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nftric oxide, dianged by the air into which they rise. 
The nitric oxide is, so to speak, the fragment of nitric 
acid, which is left after three atoms of its oxygen are 
abstracted. Rising into the air, it combmes with oxy- 
gen enough partly to supply the place of that it has 
just lost, and is thus converted into red fumes of per- 
oxide of nitrogen, containing four atoms of oxygen. 
This compound is also- called hyponitric acid. Still 
another compound of nitrogen with oxygen is de- 
scribed in the section on nitrates. 

427. Repeat the experiment of the last 
iker method of paragraph, placmg the com and acid in a 
P^^^^ <A« small vial or test-tube, instead of a saucer, 
and collect the nitric oxide produced, as 
showB in the figure. The collec- 
tion should not be commenced 
until a colorless gas is produced. 
It will be best to fill the vial 
to only two-thirds of its capa- 
city. Then lift it from the 
bowl, and let the remaining water run out. The air 
will immediately rush in, and change the colorless ni- 
tric oxide to red vapors of the peroxide of nitrogen. 

How does ni' "^^S. OxiDATION WITHOUT SOLUTION.— 

trUaddaet Nitric acid oxidizes tin and antimony, but 

on tin? ^ 

does not dissolve them. The experiment 
will be best made with tin-foil. After the action of 
tiie acid, it will be found converted into a white pow- 
der. Gold and platinum are neither dissolved nor ox- 
idized by nitric acid. 
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429. COBIBUSTION BT NITEIC ACID. As 

How may com- . . .- . . - 

bustion be lutnc aciQ contaiQs much oxygen, combus- 
/nTacW^"* ^^^^ ^y *^® means would seem to be a very- 
probable result. To 
prove that it has this effect, boil 
strong nitric acid in a test-tube, 
the mouth of which is filled with 
hair. As the vapors pass through 
they will cause it to smoke, and, 
if the acid is sufficiently strong, 
produce ignition. 

430. COBffBUSTION OF PHOSPHORUS.— 

txperimtfu Phosphorus IS readily A^^p 

^^pho^pho. ignited by throwing it ^^^^^^ 
upon nitric acid. If ^™ "JUMBB^^ 
the acid is not very strong, it must be previously 
heated. Particles of phosphorus, scarcely larger than 
mustard seed, should be used in this experiment. 

PHOSPHORUS. 

.^ . . 431. Description. — ^Phosphorus is a 

What isphos' 

pkorutf wax-like, and nearly colorless, solid, read- 

m^e doe, it jjy ignited by heat or friction.* It forms 
part of the mineral apatite, which is a 
phosphate of lime. Bones also contain it in large i»:o- 
portion. It is never found umcombined. 

Sawiaitpre- ^32. PREPARATION. ^PhosphorUS is 

pared f made from bones. These are composed, 

* When phosphorus is cut, it should always be under water, and 
every particle not used should be immediately returned to a bottle 
containing water. 
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priDcipidly, of ^latine aad phosf^te of lime. The 
mdividual constituents are gelatine, lime, oxygen, and 
phosphorus. To obtain the phosphorus, all the rest 
are to be first removed. Fire removes the gelatine, 
oil of vitriol the lime, and charcoal, the oxygen. 
Give the com. 433. The boues, having been previously 
piete process, bumed, the ground ash is mixed with di- 
lute sulphuric acid and water, and, after several hours, 
filtered. Sulphuric acid unites with the lime, forming 
an insoluble sulphate, and at the same time sets the 
phosphoric acid at liberty. The solution containing 
phosphoric acid is then mixed with 
charcoal, and heated in an earthen! 
or iron retort. The caxbon takes the 
oxygen, and passes out of the retort with it, 
as gaseous carbonic oxide. The phosphorus which is 
left, being vaporized by the heat, is also expelled, but 
is reconverted into solid idbiosphorus by the cold water 
into which it passes. The figure will give some idea 
of the arrangement. The neck of the earthen retort 
passes into a copper tube, which leads into water. The 
gas produced by the process bubbles through the water 
and escapes, while the phosphorus is hardened by it, 
and remains. The mass thus obtained is melted under 
water, and run into moulds* 

434. PHospHORnscENcc-^This term is 
^I^J^^Mf applied to the luminous appearance of sear 
water when agitated, and to other faint 
light, unaccompanied by perceptible heat. It is ob- 
served when an ordinary friction match is rubbed upoft 
the hand in the dark. The light is owing to a slow 
8* 



in 

eombustikm of phoiphoioiis, irbkh Ukts jdade tirithMr 
kindling. The prodnct of th6 combastion, is a white 
powder, called phosphorous acid, which soon becomes 
liquid, by absorbing moisture from the air. 

435. A HAKMLE8S ri&E. — Bv agitating 

How may a ^ , ., . ,, . ? 

karmieufire |diosphonis With ether, a small portion of 
beproducedf ^j^^ former substance is dissolved. This 
solution, if rubbed upon the face and hands, makes 
them luminous, in the dark. This is another case of 
phosphorescence. A pece of phosphorous of the 
size of a pea is amply sufficient for the experiment. 

436. Combustion under watek. — ^Phos- 
ph^Jnu he phorus may be burned under water, by the 
Wn^ under j^^jp ^f gubstajQces rich in oxygen. Chlo- 
rate of potassa is such a substance. Place 
a few scales of this salt, and a bit of phospho- 
rous of the size of a pea, at the bottom of a 
wine glass previously filled with water. Par- 
tially fill the bowl of a pipe with oil of vitriol, ^^j^ 
and drop it in small portions on the mixture, 
bringing the pipe stem, each time, close to the bottom 
of the glass. As soon as the stronger acid is applied, 
chloric acid, containing much oxygen, is liberated and 
decomposed, and the phosphorus inflamed. A similax 
combustion of phosphorus, by means of nitric acid, 
has already been described. 
J^ . ., 437. Friction matches.— Ordinary 

WmU ti said 

iffrwtum phosphorus is too inflammable to be em- 
matehee f ployed in the manufacture of friction match- 
es. By heating it under carbonic acid for a long time, it 
becomes changed in color, and also less fusible and in- 



flammable. In tbis^orm of red pAo^htftuB, ie iB IM^ 
in the manufacture of friction matches. 



ARSENIC. 

, 438. Desobiption. — ^Arsenic is a grey 

ieintrwbtced substance, of metallic lustre, and for this 
m^oUsf reason, commonly classed among the met» 
als. On the other hand, in view of the 
compounds which it forms, arid especially in view of 
the fact that its oxygen compounds are acids, and not 
oxideS; it is more properly classed among the metal- 
loids. Its analogies to phosphorus are most striking, 
and it is for this reason here introduced, in immediate 
connection with that element. 

In what re- 439. ANALOGIES TO PHOSPHORUS. Ar- 

specudophot' seuic uuites with oxygen in the same pro- 

phorat and , , /. • . -i 

arsenic retem^ portious as phosphorus, forming similar 
hie each other F ^^^ Thcse in tum form salts resembling 
each other most perfectly, in external i4>pearance aad 
in crystalline form. It also combines with three atoms 
of hydrogen, to form arseniuretted hydrogen, a gas 
analogous to phos}^uretted hydrogen, to be hereafter 
described. Of the two principal oxygen compounds of 
phosphorus, the higher, or phosphoric acid, is the more: 
important, and was therefore more particularly consid- 
ered. On the other hand, the lower or arsenious acid, is 
the more important of the acids of arsenic. 
mnoU arsenic 4*0. PREPARATION. — ^Metallic arseuic is 
prepared f found native. It may also be prepared 
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firom arsenious acid, by heating tvith a 

large proportion of carbon, as in the 

case of phosphorus, before described. 

Beside mixing with carbon, it is best, 

also, to cover with the same material, 

and heat from above, downwards. The metal passes 

off as vapor, and condenses in the cooler part of the 

tube, or other vessel in which the experiment is per* 

formed, as a steel grey incrustation. 

ARSENIOUS ACID. 

441. Ratsbaite. — ^The ordinary white 
yroperti€$ of arscuic of the shops, also known as rats^ 
^^**^ bane, is a white and nearly insoluble sub- 
stance, possessed of a slightly sweetish 
taste. It is not properly arsenic, but arsenious acid. It 
contains three atoms of oxygen, to one of metal. Al- 
though sweet, it is called an acid, because it possesses 
the chemical characteristic of an acid, viz : the ca« 
pacity of imiting with bases to form salts. 
Bow uU pre- ^^2. Prcparation. — Arsenious acid h 

ipwdf prepared from metallic sulphurets, many of 

which contain a certain proportion of arsenic, by 
roasting in the air, and thus burning out their arsenic, in 
^the form of arsenious acid. The fumes are condensed 
in high chimneys, from which the incrustation of the 
solid acid is afterward removed. Mispickel, which is 
a double sulphuret of iron and arsenic, and certain 
ores of nickel and cobalt, are much employed for the 
production of arsenious acid. 
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WJua' 8aid *^** Poisonous PBOPEHTiEs OF jiHSENic. 
0/ arMnie <u White arsenic or arsenious acid is a feaiful 
a poison f poison, and more frequently employed than 
any other substance, for the destruction of life. But 
its detection, and the entire demonstration of its pres- 
ence in the body, after death, or in materials which 
have preyiously been ejected from the stomach, is cer* 
tain. 
,^ , . . 444. No one but a professional chemist 

What- 19 Baid 

of iitdeue- should undertake such an investigation, 
turn / involving, as it does, the issues of life and 

death. No one else, indeed, can, be qualified to guardy 
with certainty, against the presence of arsenic in the 
chemicals which are used in the process, or in other res- 
pects, to bring the inquiry to that point of absolute de- 
monstration, which is always required in judicial inves- 
tigations. But the methods of detection, being simple, 
and a subject of interesting and instructive experiment 
to the student, will be briefly described in the paragraphs 
which follow. Many other compounds of arsenic, be- 
side arsenious acid, are highly poisonous. 

Sow arsenic i$ ^^S- DETECTION OF ARSENIC. ^If a feW 

detected f drops of a solution of chloride of arsenic* 

be added to the liquid from which hydrogen is being 
jBvolved from a vial, by the ordinary process, the 
nascent hydrogen decomposes the chloride of arsenic 
and carries off the metal, in the form of a gas. On sub- 
sequently kindling the hydrogen jet, and bringing 

* Such a solntion is prepared, by disBolviog white arsenic in hydro* 
chloric acid. 
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down upon it a cold white surface, like that of 
a plate or saucer, the metal is again given up, ' 
and reveals itself as a brownish black and high- 
ly lustrous stain. The process may be con- 
ducted in an ordinary vial, to which a pipe 
stem, or glass tube has been fitted, by the 
method before described. The above method ^ 
of detection is called Marsh's test. In a case of 
suspected murder by poison, the moment of the in- 
troduction of the pure porcelain into the flame, be- 
comes one of the most intense interest. The gather- 
ing stain, is at once the emblem of guilt and sentence 
of ignominious death. 

446. Explanation. — The decomposi- 
^lainthe tiou of arsenious acid by hydrogen, in the 
above experiment, and the reason of the 
deposition of the metallic mirror, still remains to be ex- 
plained. The nascent hydrogen affects the decompo- 
sition of the acid, by a double action ; on the one hand 
uniting with the metal to form arseniuretted hydrogen, 
which escapes, and on the other hand, with its chlorine 
to form hydrochloric acid, which remains behind. The 
mirror of metal is deposited upon the plate or saucer, 
because the introduction of the cold body into the 
flame, so lowers its temperature that the metal itself can- 
not burn. If the jet of gas is left to burn without in- 
terference, both of its constituents are consumed to- 
gether, and the flame assumes a blue color, from the 
burning arsenic. 
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tenicand an^ jufTUfcmT STAINS. — If in testing foT arsen* 
^^i^^g^ik^ icj by the method above described, a metallic 
^di gpot is obtained, the evidence of the pres- 

ence of arsenic is not entirely conclusive. A solution 
<^ antimony, if substituted for arsenic in the experi- 
ment, will give rise to the production of somewhat sim- 
ilar stains. But the experimenter will find, on com- 
paring the two kinds of spots, that they are of quite 
different appearance. Those of antimony are of deep- 
er black, and fainter lustre. Again, those of arsenic 
are much more readily removed by heat. << Chloride of 
soda," is a still more conclusive means of distinguish* 
ing them. A solution of this substance will dissolve 
the arsenic stains, while it leaves those of antimony 
unaffected. The " chloride of soda," to be used in 
the experiment, is prepared by adding an excess of car- 
bonate of soda, to a solution of " chloride of lime," 
and then filtering the liquid. 

448. ADDmoNAi« tests tor abseicic.*- 
ad^^nai A sccoud test has already been given in 
u^foTatMe^ the paragraph on the preparation of me- 
tallic arsenic, to which the student is re- 
ferred. The formation of a yellow precipitate, on the 
addition of hydro-sulphuric acid to a solution, also 
renders it highly probable that arsenic is present* 
If on drying the precipitate, and heating it with a 
mixture of cyanide of potassium and carbonate of soda, 
a metallic mirror is obtained, the inference of the pres- 
ence of arsenic is confirmed. The process is to be 
conducted as directed in paragraph 440. In this exper- 
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iment, the cyanide of potassium has the effect of retain* 
ing the suli^ur, while it allows the volatile arsenic to 
pass and deposit above. 

,^ . .^ 449. Still another evidence of the pres 
of ihogmriic ence of arsenic, is afforded in the charac 
^^'^ teristic garlic odor which is emitted by th^ 

flame produced by burning arsenic, in the experi- 
ment previously described, called Marsh's test. The 
same odor is also obtained on sprinkling a little ar 
senious acid upon burning charcoal. 
M^uiotiilu 450. Prepabations fob thb arsenii 

preparatioM XEST. — Before proceeding with the che 

for the ar- ./.,■. .. 

''tettf imcal experiments for the detection of ai 




senic, some preliminary labor is com- 
monly required, to bring the material to 
be tested into proper form. It com- 
monly consists of matters which have 
been ejected from the stomach, or of the 
contents of the stomach itself. If the 
student wishes to begin at this point, in his experi- 
ments, he may add a small portion of arsenic to 
some l)read and water, and proceed with this paste, in 
his investigation. This mixture is to be diluted with 
water, and saturated with chlorine, as in the process for 
preparing a solution of this gas. Chlorine has the effect 
of destroying a certain portion of the organic matter^ 
and rendering the test floculent, so that the liquid may 
be easily separated from it by filtration. It also brings 
the arsenic perfectly into solution, as a chloride. This, 
solution is then filtered, and treated as directed in the 
IHTBceding paragraphs. 
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What u the ^*^* Antidote to ▲rsenic. — ^The hy- 

tekHdoUfrr drated sesquoxide of iron is regarded as 
the best antidote to arsenic. (See Oxides.) 
Its action depends on the formation of a compound, 
with the poison in the stomach, which is insoluble, 
and therefore inactive. Milk, sugar, and white of eggs, 
are also given with advantage, as in most other cases 
of poisoning. 

452. Arsenic eaters of Austria.^ 

What is said _ . . 4. . . 

of the arsenic In the mountamous portions of Austria, 
Jwo?*'"^^*' bordering on Hungary, the peasantry are 
given to the strange habit of eating arse- 
nic. It is said to impart a fresh, healthy appearance to 
the skin, and also to make respiration freer when as- 
cending mountains. Those who indulge in its use 
commence with half a grain, and gradually increase 
the dose to four grains. If this habit is regularly in- 
dulged, its injurious effects are said to be long retarded. 
But as soon as the dose is suspended, the symptoms of 
poisoning by arsenic immediately manifest themselves. 

CARBON. 
463. Description. — Carbon in the form 
tUffereni of coal, is a black, brittle, solid. As 

^rm9 of ear- plumbago, and coke, it is grey, with me- 
tallic lustre ; as the diamond, it is trans- 
parent, and the hardest of known substan- 
ces. Plumbago is commonly called black 
lead, but it contains no lead whatever. The 
figure in the margin represents the more 
common crystalline form of the diamond. 
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454* OccviDisivos. — ^la the form of bi- 
earbon occur f ^^^Diinous and anthiacite coals, carbon ex- 
ists in immense quantities, buried in the 
earth, in various countries; as graphite, or plumbago, 
it is also quite a common mineral ; as the diamond, it 
is the rarest of all gems. It is one of the elements in 
Hmestones, marbles and chalk, which are all carbonate 
of lime. It forms nearly one half of all dried veget- 
able matter, and more than half of all dried animal 
matter. One twenty-five hundredth of the air, also, is 
oarbonic aoid, of which carbon is a constitaent 
466. CHA&coi.L'. — ^The 

lUuttratethe . y. , 

ftepwatum, preparation of charcoal, one 
of charcoal, ^f ^^^ ^^^ ^f carbou, may 

be illustrated by heating a small por- 
tion of wood or cork, in a test-tube. 
The other constituents of the wood, 
and part of the carbon, are converted 
into water, gases, and tar^ and the larg- 
est part of the carbon remains behind, in the form of 
charcoal. 

. 466. Preparation. — ^In quantity, it is 

tool madef commonly made by burning wood in large 
heaps, previously covered with earth and 
sod. It is necessary to admit a little air, through open- 
ings in the heap, to maintain a partial combustion. 
If too much air is admitted, the wood is entirely 
consumed, and no charcoal is produced. Coke is 
made from bituminous coal, by a similar process, and 
is also obtained as a residue in the manufacture of 
coal gas. 
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457. Laup black. — ^Lamp black, still an- 
£:" ll^f other form of carbon, is made by conduct- 
ing the smoke of rosin into chambers, con- 
structed for the purpose. It consists of unbumed parii* 
cles of carbon. It is used, extensirelj, as a pigment 
Bone black is made by heating bones in closed resseis. 
It is a sort of chaicoal produced from the gelatine of 
the bones. * 

468. PURIPTING PROPEBTIES OP GHAH- 

pwr^ng coAL.-^-Charcoftl absorbs gases, and retains 
%^<^."''^ them in its pores, in large quantities. 
Tainted meat, and musty grain, intimately 
mixed with it, become sweet. The charcoal has re- 
moved the unj^asant gases, proceeding from them. 
The absorbent power of charcoal may be illustrated, 
by holding a paper moistened with ammonia, in a vial, 
until the air within it has acquired a strong ammo- 
niacal odor. On afterward introducing some pow- 
dered charcoal, and shaking the vial, the odor will be 
removed. 

459, Preservative properties op 
JUtutrate the r>,% ^ t i 

pretervative CHARCOAL. — Charcoal may be used as a 
fj^^^* ^/ preventive, as well as a corrective of de- 
cay. Posts, if charred at the bottom, be- 
fore they are set, are rendered more durable. Water 
will keep longer in charred vessels than in those which 
have not thus been prepared. The decay of meats and 
vegetables is retarded by packing them in charcoal. 
Charcoal is itself, one of the most unchangeable of sub- 
stances. Wheat and rye charred at Herculaneum 1800 
years ago, still retain their perfect shape. 
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^ .. .^ 460. DEc<H:.OKmNO xtwxcrs or char- 

deeoUrising coAi..-^harcoal has, also, the effect of 
'^'^^- removing coloring matters, and 

Intter and astringent flavors £rom liquids. 
Thus; ale and porter lose both color and flavor 
by being filtered through charcoal. Sugar 
refiners take advantage of this property, in 
decolorizing their brown syrups. Animal 
charcoal, or bone black, is best adapted to these uses. 
As an illustration of the decolorizing effect of char- 
coal, let water colored with a few drops of ink, be 
filtered through bone black. The color will be found to 
disappear, in the process. 

461. Combustion of oabbon. — All of 
i^fihecom- ' the forms of Carbon are combustible. The 
car^/*^ combustion of charcoal, in air, is a famil- 
iar fact. Its combustion in oxygen has 
bas been already shown. The diamond, and 
plumbago, will also burn in a vial of oxygen 
gas, if first intensely heated. The product of 
their combustion, is precisely the same as that 
of charcoal. From the carbonic acid, which 
is produced in the combustion, the carbon 
may be obtained in the form of lamp black. The 
nature of the diamond is thus conclusively established. 
„ , 462. Reduction of ores bt charcoal. 

How does 

charcoal re- The affinity of carbon for oxygen, at a 
duce metals F y^^^^i temperature, is very intense. It de- 
prives most ores of their oxygen, and converts them 
into metals. An agent which thus produces metals 
from their compounds, is called a reducing agent, and 
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the process' is called reducium. Gaseous carbonic ox* 
ide, has the same effect as carbon, because the affinity 
of its carbon for oxygen, is only partially satisfied. In 
the process of reduction, these reducing agents are them- 
4selves converted into carbonic acid, by the oxygen with 
.which they combine. Hydrogen gas, in consequence of 
its strong affinity for oxygen, is also apo werful reducing 
agent. The reducing power of carbon may be illus- 
trated by sprinkling a little litharge on ignited charcoal, 
and blowing upon it at the same time, to maintain its 
heat. The litharge, or oxide of lead, will thus be par- 
tially converted into globules of metal. 



CARBONIC ACID. 
_ 463. Description. — Carbonic acid is a 

what t» ear- , , . , _ ,, 

honicaeid? colorless gas, Without much taste or smeU| 
Where do€B ii ^^^ about ouc and a half times as heavy as 

occur t •' 

air. Other properties are illustrated in the 
experiments which follow. This gas is found in many 
minerid waters, and frequently escapes from fissures in 
the earth. It is a constituent of all limestones and 
shells, and forms yyVir part of the atmosphere. It is 
exhaled from the lungs of all animals, and is a product 
of the combustion of coal and wood. 

464. Preparation. — Carbonic acid may 

How is carho" 

nic acid pre- be prepared by burning charcoal in oxygen 
^'"^ ^ gas, as directed in paragraph 461. Or it 

may be made by hanging a lighted candle, as long as it 
will burn, in a bottle filled with ordinary air. In this 



I large- 

1 



Dase, the carbon of the eandle is ooitverCed into <»r- 
bonic acid, by the oxygen of the air. But neithn 
of these methods give the unmixed gas, and that which 
' follows is therefore to be preferred. 

465. Another method. — ^Pour a tear 
ond method of spoonful of muriatic acid into a large- 
prtparin0iL ^louthed half-pint vial, and then 
add bits of marble, chalk, or carbonate of 
soda, until eflfervescence ceases. The vial 
will then be filled with carbonic acid. 

Explain the 466. EXPLANATION. Ohalk 

above proeeM, ^nd marble are both carbonate of lime. 
As soon as they are dropped into muriatic acid, this 
stronger acid combines with the lime, and retains it, 
setting the carbonic acid at liberty in the form of a gas. 
The gas as it accumulatos, expels the air from the vial, 
and completely fills it. It is obvious that in this method 
we do not make carbonic acid, but use that which na- 
ture has already made for us, and imprisoned in the 
marble. 

467. For most of the experiments that 

Deacrtbe ano- a ■ i , , /. » 

iher methodof foUow, the secoud sunplc m^hod of col* 

preparatum, Section IS Sufficient, and the gas need not 

be transferred to another vessel. When 

it is desired to obtain it separate from the 

materials from which it is produced, the 

apparatus represented in the figure may 

be employed. 

„ 468. Cakbonateo waters." 

How ate car- 

konaiedwater* Water absorbs it$ own volume of carbonic 
***^ ' acid, and thereby acquires an acid taste. 
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Tbe so called " soda water," or ^'mineral water," is 
prepared by confining water in a strong metallic ves- 
sel, and forcing into it gaseous carbonic acid, by means 
of a forcing-pump. The increased quantity which it 
is thus made to absorb is in precise proportion to the 
pressure employed. Neither of the above names give 
a correct notion of the nature of the ef- 
fervescent drink referred to. It is sim- 
ply carbonated water, to which soda is 
sometimes added. 

469. The absorption of carbonic acid 
by water may be shown, like that of 
chlorine, by the method illustrated in 
the figure. It may also be shown by pouring a gill 
of water into a half-pint vial of carbonic acid, and 
then shaking it. The palm of the hand being pressed 
closely upon the mouth of the vial, the flesh will be 
more or less drawn in, to take the place of the gas ab- 
sorbed. The vial may be supported by this attach- 
ment. 
^^ 470. Effervescent drinks. — Cham- 

Whatis said , ,. , 

of efferveteing pague, sparkung beer, and mead, congress 
^^ *^ water, and similar drinks, owe their efier- 

vescent qualities to this gas held in solution. On expo- 
sure to the air, the gas gradually escapes, and the liquids 
become insipid to the taste. The air enters and takes 
its place, expelling sixty or seventy times its own vol- 
ume of gas. This eflfect may be hastened by striking, 
with the hollowed palm of the hand, upon the top of 
a glass partly filled with one of these liquids ; there- 
by compressing the air, and forcing it to enter rapidly. 
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What effect 

Itaicarbonie BT CARBONIC ACID. ^Lower 

«cid Qtijlamef 




forming the 
experiment 



The carbonic acid immediately escapes with renewed 
and rapid effervescence. 

471. Flame extinguished 

BY CARBONIC ACID. ^LoWCr a 

lighted taper, candle, or splinter 
of wood into a vial of carbonic acid, pre- 
pared as before directed. The flame will 
be immediately extinguished, as if it had 
been dipped in water. 

472. Or the same experiment may be 

Give another ^ i , . , 

methodofper- performed by pouring the 
gas into a vial, at the bot- 
tom of which is a bit of 

lighted candle. Nothing will be seen 

to flow from one vessel into the other, 

but the effect will be the same as before. 
473. Carbonic acid is 

0r u>hat tue 

to plants is FOOD FOR PLANTS. — Carbouic 

earbonic addf ^j^ jg ^^^ ^f ^j^^ principal 

elements of the food of plants. The leaves absorb 
it from the air, and the roots from the earth, and 
convert it into wood and fruit. The subject is fur- 
ther considered in the latter part of this work. 

474. It is poison for animals. — ^Wa- 
effeet of ear- tcr impregnated with carbonic acid is a 
^nJS^^ healthful drink ; but the same gas, when 
taken into the lungs, produces death* It 
operates negatively, by excluding the air, and also 
positively, as a poison. Being heavier than the air, 
lakes of this gas sometimes collect in the bottom of 
caverns. There is a grotto of this kind in Italy, called 
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the Grotto del Cane, or dog's grotto. A man walking 
into it, is safe, but his dog, whose head is below the 
surface of the gaseous lake, is immediately suffocated. 
Baths of carbonic acid have recently been employed, 
with advantage, in the treatment of rheumatism, and 
other similar affections, and in cases of enfeebled 
vision.. 

475. How REMOVED FROM WELLS. CaJ- 

honicacidrt' bouic acid often collects in the bottom of 
moved fr(m wells, and occasious danger, and some- 
times death, to workmen employed in 
cleaning them. A candle previously lowered into the 
well will indicate the danger, if it exist. The flame 
will burn less brilliantly, or be entirely extinguished, 
if much of the gas is present. By repeatedly lower- 
ing pans of recently heated charcoal into the well, and 
drawing them up again, the gas will be absorbed and 
removed. The charcoal is first heated, to increase its 
absorbing power. In this condition it absorbs thirty- 
five times its own bulk of gas. 
^* , 476. Charcoal fires in close rooms. 

How doc9 

burning char- Fatal accidcuts uot uufrequcntly occur 

uu^clZnttf ^^^^ inhaling the fumes of charcoal, burned 

in close unventilated rooms. These fumes 

consist of mingled carbonic acid and carbonic oxide. 

The latter gas will be hereafter described. 

477. Solidification of carbonic acid. 
x/oto may cat^ ^ 

bwdc acid be One of the most interesting of all chemical 
solidified? experiments, is the solidification of car- 
bonic acid. By combined cold and pressure, this trans- 
parent gas, which, under ordinary circumstances, is so 
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thin that the hand, passed through it, does not recog- 
nize its presence, can be converted into a solid snow. 
This is done by bringing into a strong iron cylinder, 
connected by a tube with a second similar receptacle, 
the material for making more of the gas than there is 
room for in the two vessels. The cylinders being 
closed, and the gas produced by the agitation of the 
materials, it is evident that they must burst, or the 
gas must pack itself away in some more condensed 
form. The second vessel is surrounded by ice, and 
kept extremely cold, during the process. In this colder 
vessel, the gas assumes a liquid form. Being removed 
in this condition, one portion of the liquid evaporates 
so rapidly as to freeze the rest. An explosive expan- 
sion of the liquid into gas would naturally be antici- 
pated, but this does not occur. The materials used 
in the process are sulphuric acid and carbonate of soda. 

„ . 478. Carbonic oxide. — ^When carbonic 

How %9 ear* 

lonie oxide acid is passed through hot coals, it loses 
forme f y^^^ ^f j^^ oxygcu, and becomes carbonic 

oxide. This takes place in coal fires. The coal in 
the lower part of the grate, where air is plenty, 
receives its full supply of oxygen, and becomes car- 
bonic acid. The hot coals above, where the supply 
of air is limited, take half of the oxygen from the 
carbonic acid, and reduce it to this oxide, convert- 
ing themselves partially into carbonic oxide at the 
same time. The new gas passes on to the top of the 
fire, and there, where air is again abundant, it burns 
with a blue flame, and reconverts itself into carbonic 
acid. This gas is much more poisonous than carbonic 
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acid, and is one source of the danger which arises from 
open fires in close rooms. One-two-hundredth of it 
makes the air, if inhaled for any considerable time, a 
fatal poison. 

479. Combustion or cabbonic oxide. 

HotJoiicar- . 

honic oxide For Small experiments, the gas is best pre- 
estprepar pared by covering a half tea-spoonful of 
oxalic acid* with oil of vitriol, and heating them to- 
gether in a test-tube. The gas, on 
being kindled at the mouth of the 
tube, bums with a beautiful blue 
flame. The experiment is rendered 
more striking, by producing a jet, as 
represented in the figure. The gas 
thus obtained is really a mixture of 
carbonic oxide with carbonic acid, 
but the admixture does not mate- 
rially affect the experiment. 

480. Explanation. — ^Each molecule of 

Explain the i • • , . . » ■• 

formatum of oxalic acid coutams carbon, oxygen, and 
earbimieoxide, hydrogen, in the proportion to form one 
molecule each, of water, carbonic oxide, and carbonic 
acid. Through the agency of sulphuric acid, this de- 
composition is accomplished. The water remains with 
the acid while the gases are evolved. 

481. It produces metals from oxides. 

W7iat U the 

effect on ine- With the help of a high temperature, car- 
uuiieoxideef ^^^^^ ^^j^^ ^^^j^^^ oxygeu from oxides, 

and converts* them into metals. It contains oxygen 
* This aoid has the app^aranee of a tali, and k poisonou^i 
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already, but its chemical appetite is only half satisfied 
with that element. It is this gas, produced in the fire, 
as before described, which converts iron ores into metal, 
in the smelting furnace. It is itself converted into car- 
bonic acid at the same time. 

SILICON. 

WhatisHii' *82. Description. — Silicon is a dark 
<^ ' gray substance, possessed of metallic lustre, 

but classed with the metalloids, because it resembles 
them in its compounds. It is also called silicium. 
It is prepared from silica, by the method hereafter de* 
scribed for the production of calcium from lime. 

483. Silicic acid or silica. — Quartz 
icaf ** **'* ^^ ^^^^ crystal, is nearly pure silica. Sea- 
sand, opal, jasper, agate, cornelian, and 
chalcedony, are other forms of the same substance. 
It forms also part of a very abundant class of rocks, called 
silicates^ and probably forms one-sixth of the mass of 
the earth. 

484 Soluble silica. — Silica may be 
be made mIu- dissolved in water, by first fusing it with 
*^*^ a large proportion of potash. On then ad- 

ding acid, to neutralize the potash, the silica precipitates 
in the form a jelly. By this circuitous process, the 
most gritty sand is converted into a soft jelly. A sin- 
gular application of this rock-jelly, in the adiilteraticn 
of butter, has recently been detected in England. Dis- 
solved silica also occurs in nature, and hardens into 
agates, ojiyx, and other precious stones. 
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• • , , 486. P£TRir ACTIONS. — ^As wood wastes 

What U the ..... 

ea^ue of pet- away in certain smcious waters, the pap- 

rif action? ^j^j^g ^f ^^^^^^ ^^^^^ ^^^ -^^ ^^^^ ^^^ pj^^^ 

of the departing atoms, and thus copy the wood in 
stone. Such copies are called petrifactions. 

BORON. 

What 19 h<h 486. Descbiption. — ^Borou is a brown 

ronf powder, never seen except in the chemists 

laboratory, and of no practical value. It occurs in 
nature, combined with other elements^ as borax and 
boracic acid. 
„ . , 487. BoRAcic ACID. — This acid is com- 

How 19 bora- . , - /. . • , 

Heaeidformr momy Seen in the form of white pearly 
scales. It exhales with volcanic vapors 
which issue from the earth in Tuscany. These va- 
pors are condensed in water, and the solid acid id 
obtained by evaporating the solution. The acid is used 
like borax, sis a flux. It is bitter, rather than sour, to 
the taste, but is called an acid because it forms salts. 

HYDROGEN. 
, 488. Description and occubrencb. — 

What U hy- 

drogenf Hydrogen is a colorless gas, about one fif« 

Where doee it ^eenth as heavy as the air. It is of such 

oecuT f ^ 

extreme tenuity, that it may be blown 
through gold leaf, and kindled on the opposite side. 
One-ninth part of the ocean, and the same proportion 
of all water in existence, is hydrogen gas. It enterS| 
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also, largely into the composition of all animal and 

vegetable matter, and forms the basis of most liquids. 

489. Preparation. — Introduce a few 

Describe the . 

methodo/pre- bltS of UTOU Or zmc 

paHngtt^ iuto a vial ouc-third 
filled with water. Add a tea- 
spoon-full or more of common 
sulphuric acid, and attach to the 
vial a bent tube or a clay pipe, 
as represented in the figure. The evolution of the gas 
immediately commences. The first portions, which 
contain an admixture of air, are allowed to escape ; the 
pipe-stem is then brought under the mouth of the vial, 
and the gas collected.* 
^ , . , 690. Explanation. — ^Water is compos- 

Mixplatn the , , , -^ ^ 

formation of ed of oxygcu and hydrogen gases. Each 

htfdrogenf ^^^jj ^^ ^ ^^^ ^^^^ ^^^ ^j^^ ^^j^^^^ ^y^^^^ 

holds it in the liquid form. In the above process for 
preparing hydrogen, the zinc is, as it were, the ransom 
paid for its liberation. The oxygen combines with 
the zinc and the hydrogen escapes. 
_ 491. Pure water will not suflice in the 

Whatpurpoee . . , 

is served b^ proccss. It must contaiu acid, to unite 
the acid f ^j^j^ ^YiQ oxide of zinc, as fast as formed. 
The presence of an acid, for which the oxide has great 
affinity, seems to stimulate its formation. It may, 

* When a taper can be applied at the mouth of the pipe-stem without 
explosion, it may be certainly known that an unmixed gas is in pro- 
cess of evolution. A cloth should be thrown over the vial and this test 
made before commencing the collection. The connection of the ap- 
paratus in the above experiment is made with a paper stopper, formed 
^n a bit of pipe-stem or glass tube. 
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indeed, be regarded as a genera] law, that the pres- 
ence of acids promotes the formation of oxides, and 
vice versa. 

Give another *^' ^NOTHER METHOD.— Hydrogen 

method of pre- may also be made, by passing steam through 
partnff ^ heated gun-barrel, containing bits of 

iron. Bundles of knitting needles are commonly em- 
ployed for the purpose. The steam leaves its oxygen, 
combined with the iron, and escapes as hydrogen gas. 

493. Combustion of hydrogen. — Bring 
ducedby^hT a dry, cold tumbler, over a burning jet of 
r^ri^ *^/ hydrogen. The vessel will soon become 

moistened on the interior. The water 
thus produced, is a result of the combination of hydro- 
gen with oxygen of the air. But for th^ cold surface, 
with which it is brought into contact, it would have 
escaped into the air as vapor. The composition of 
water was shown in Part 1., (^ 277,) by galvanic de- 
composition. It is here demonstrated by combining 
its elements, and thus reproducing it. Water is also 
formed in the combustion of any substance containing 
hydrogen as one of its constituents. The above expe- 
riment may therefore be made with a lighted lamp or 
candle, as well as with the jet of pure hydrogen. 

494. Explosion of mixed oxygen and 

How is an ex- . ,, /, . 

plosive mix- HYDROGEN. ^AllOW OXygOU tO floW mtO 811 

turepreparedf inverted vial, as directed in para- 
graph 330, until it is one-third full. Fill it up 
with hydrogen, collected as shown in Par. 489. 
Cork the vial under water. It is now filled with 
an explosive mixture, which may be fired by the 
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application of a taper. To secure against accident, the 
precaution should invariably be observed, of winding 
the vial with a towel, before the discharge. 

495, Explanation. — The explosion re- 

Wky does this , ^ , .. , ti ^ i i -i 

mixture ex' sults from the lact that all of the hydrogen 
fiodef '^^ ^YiQ vial burns at once, causing great 

heat, and sudden expansion of vapor. The combus- 
tion is thus simultaneous, because oxygen, the sup- 
porter of combustion, is present at every point. When, 
on the other hand, a jet of hydrogen is kindled, no 
explosion occurs, because the combination is gradual. 
Combustible liydrogen meets with oxygen in this case, 
only on the surface of the jet. 

De9cr'h« the ^^^' ^^^ HYDROGEN GUN. The expe- 

ht/drogmgun, rjment for the explosion of mixed hydro- 

and the me- , i j • 

thodofcharg- g^n and oxygen gases, may be made m a 
ing it. Strong tin tube, provided with a vent near 

the closed end. Such a tube, about an inch in diame 
ter, and eight inches in length, is called the hydngeti 
gun. In loading it, the vent is stopped with wax, 
the tube filled with water, and the gases, previ- 
ously mixed in the right proportion, poured upward 
into it, as indicated in the figure. The 
gun, being thus loaded, is tightly 
corked, under water, and afterward 
fired at the vent. The explosion is 
sufficient to expel the cork with vio- 
lence, accompanied by a loud report. 
The vial from which the tube is loaded 
must not be too large, or it will not be practicable to 
turn it and pour upward, as desired. This difficulty 
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may also be obviated, by th(e substitution of a water* 
paU, for the bowl represented in the figure. 

497. Charge of air and htdrogxn. 

De^crtbean- , , . , 

other explosive A$ aiT contains uncombmed oxygen, a 
mixture. mixture of air and hydrogen also forms an 

explosive mixture. But, as air is only one-fifth oxy- 
gen, five times as much of it must be used ; in other 
words, five parts of air are required, for every two 
parts of hydrogen. To make the mixture, hydrogen 
may be led, as before, into an inverted vial, a little 
more than two-thirds full of air. The exact propor- 
tion is not essential in this, or any similar case of ex- 
plosive mixture. 

498. A SIMPLER METHOD. — ^A simpler 
pier method method of loading the gun, or chargmg 
of loading the ^j^^ ^^ ^-^jj ^j^^ explosive mixture, is to 

invert it over a jet of hydrogen, as repre- 
sented in the figure. The pipe-stem, or tube, 
which conveys the gas, is previously wound 
with paper, till it occupies about two-thirds of the 
inner space of the gun. Escaping hydrogen fills 
the remainder. On withdrawing the tube, air 
enters to take, its place, and the gun is thus 
charged with n^ixed air and hydrogen, in the right 
propo^ions. It is then corked and fired. This 
experiment may also be made with a test-tube, 
discharging it at the mouth. Explosions with mixed 
air and hydrogen, are, of course, less violent than 
where pure oxygen is used instead of the diluted oxy- 
gen of the air. 

J)oe9 hydrogen 499, HtdROGEN WILL NOT SUPPORT COM- 

di^n/^^'^ BUSTioN. — ^Flome is extinguished in hy- 

9* 
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drogen, as it would be in water. Re-charge the gas 
bottle,if necessary, and hang a second large-mouthed 
vial above it, as represented in the figure. Af- 
ter a few minutes, it may be presumed that 
the upper vial is filled with hydrogen. Apply 
a lighted match to its mouth, and the gas will 
inflame, and continue to burn with a faint 
light. Introduce a second taper, as represent- 
ed in the figure. It will be kindled at the 
mouth of the bottle, and again extinguished 
above. The match is extinguished, because, a little 
abchre the mouth of the vial, there is no oxygen to sup- 
port the combustion of the carbon and hydrogen, of 
which it is composed. 

600. Hydrogen made bt the metal 
preparation SODIUM. — ^Another Very beautiful, but more 
Ys^lum^ expensive method of making hydrogen 
gas, is as follows. Fasten a piece of me- 
tallic sodium, of the size of a pep- 
per-corn, upon the end of a wire, and 
thrust it suddenly under the end of 
a test-tube filled with water, and held 
very near the surface, as represented 
in the figture. The metal melts as soon as it touches 
the water, and rises to the top of the tube. Hydrogen 
is immediately formed, and displaces the water, fill- 
ing the tube rapidly with the liberated gas. 
Explain the ^Ol' EXPLANATION. — Sufficient heat is 
process. evolvcd by the action of sodium on water 

to fuse it at once. The metal is lighter than water, 
and therefore rises to the top of the tube. At this 
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point the chemical process begins. Sodium has the 
most intense alEnity for oxygen, and therefore com- 
bines with this element of the water, setting its hydro- 
gen at liberty. No acid is required as in the case of 
zinc. Metallic potassium may also be used in this 
experiment. To avoid its ignition by contact with 
the water, it is to be wrapped in paper, and the twisted 
end of the wrapper used as a holder, with which to 
thrust it under the mouth of the tube. 

WATER. 

502. Composition. — ^Many important 
Of what U . ^ , , :. ^ ., 

footer com- properties of water have already been il- 

poaedf lustrated in the chapter on Vaporization. 

Others will be mentioned below. It is composed of 
oxygen and hydrogen, as has already been proved both 
by analysis and synthesis. These gases are condensed 
in combination to about ^^Vir of their original volume. 
It remains to show how the exact proportion in 
which they enter into the composition of water is as- 
certained. 

603. First method or proof. — One 
method by ffoi' method is to decompose water by the gal- 
^^^iov^^^' ^^^^'^ process, and collect and weigh the 
gases obtained. The oxygen is found to 
weigh eight times as much as the hydrogen. Water 
is thus shown to be composed of eight parts of oxygen, 
by weight, to one part of hydrogen. In other words, 
nine pounds of water contain eight pounds of oxygen 
and one pound of hydrogen. 
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504. Second method. — ^Another method 
po9iUon by IS to medsure the gases obtained by the 
^euiated^^^ Same method of decomposition. Two 
froffi measure, measures of hydfogon are thus obtained for 
every single measure of oxygen. The chemist then pro- 
ceeds to calculate the relative weight. Knowing before- 
hand that hydrogen is the lighter gas, weighing but 
one-sixteenth as much as the same quantity of oxygen, 
he infers that the double volume obtained in the above 
experiment, weighs but one-eighth as much as the 
oxygen obtained in the same decomposition. The 
result of this indirect process is the same as that stated 
at the conclusion of the last paragraph. 
Deteribe the 505. Third METHOD. — A third method 

thirdmethod. consists in the reproduction of water from 
mixed hydrogen and oxygen, observing at the same 
time the quantities in which they combine. This may 
be readily effected in a test-tube. The gases being 
introduced into the tube in about the right proportion, 
and in small quantity, its extremity is 
then intensely heated. A slight explo- 
sion and combination of the gases is the 
result, and the water rises to take their 
place, mingling with the small quantity 
of water produced in the experiment. Any excess of 
either gas remains uncombined. Whether this surplus 
is oxygen or hydrogen, may be readily proved by 
methods previou^ly given. This excess being sub- 
tracted from the quantity of the same gas originally 
used, shows the proportion in which the combina- 
tion has occurred. 
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^ 606. The explosion may be avoided, 

exjdosioH be and a gradual combination of the gases ef- 
avoided? fected, by evaporating a few drops of pla- 

tinum solution in the test-tube, and igniting the residue 
previous to the commencement of the above experi- 
ment. A ball of fine iron wire is then crowded into 
the end of the tube. The mixture of gases being 
finally introduced, the least touch of flame upon the 
end of the tube is sufficient to effect a gradual combi- 
nation. For an explanation of the agency of plati- 
num in the above experiment, the student is referred 
to the chapter on metals. The iron wire serves to 
prevent ignition, and consequent explosion, by appro- 
priating part of the heat produced by the combination 
of the gases. The form of the experiment last de- 
scribed, is the only one that can be recommended to 
the student. With the security against explosion 
which it affords, a test-tube filled with the mixed gases 
may be submitted to experiment. Where very accu- 
rate results are sought, the process must be conducted 
in a carefully graduated tube. By employing mercury 
instead of water, the water produced in the experiment 
may be seen. 

507. Fourth method. — Still another 
od by oxideof method is illustrated in the figure. It cou- 
eopper- sisXs^ essential- 

ly, in the production of 
water from its elements as 
before ; furnishing, at the 
same time, the means of as- 
certaining the proportional weight of the gases, which 
have taken part in its formation. The tube most 
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distant from the aspirator* is first filled with oxide of 
copper, and then heated while a current of hydrogen 
gas is drawn over its surface. The heated hydrogen 
carries with it the oxygen of the copper, and passes 
into the second tube, as vapor of water. Here it is re- 
tained by potassa, or some substance of similar proper- 
ties. Both tubes are afterward weighed, and their gain 
or loss determined, by comparison with their weight 
before the commencement of the process. 
„ ^ 608. The loss of weight in the one tube, 

E<w are the ° ' 

retuiu calcu- cxpresscs the weight of the oxygen which 
lated f j|. jjg^g furnished for the formation of water ; 

the gain in the second tube, gives the weight of the water 
thus formed. The difference of the two, gives the 
weight of the hydrogen which has been appropriated 
in its passage, and now makes part of the newly formed 
water. For every nine grains of water thus produced, 
it is found that eight grains of oxygen, and one of hy- 
drogen have been consumed. Its precise composition 
is thus demonstated, by another and quite distinct pro- 
cess. 

What it said 609. SOLUTION. — Water is a very gene- 
of solution f yal solvent. The disappearance of salt, or 
sugar, in water, is an example.f Transparency is es- 
sential to a solution. Where the particles of a solid 
are distributed throughout a liquid, as when chalk is 



* A vessel employed, as in the present instance, to produce a current 
of air or gas, is called an aspirator. 

t Water also dissolves many gases. The ammonia of the shops is 
prepared by passing gaseous ammonia in water. 
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Stirred Turith water, it is said to be diffused, instead of 
dissolved. The solvent action of water plays a most 
important part in nature, as will be seen in the conclu- 
ding chapter of this work. The subjects of solution, 
and precipitation, are more fully considered in this 
chapter on Salts. 

WhatUpr^- ^10- Precipitation. — ^Where a substance 
cipitaiionf which has been dissolved, is re-converted 
into a solid form, it is said to be precipitated. 
Thus, when air from the lungs is blown 
through a pipe-stem into lime-water, the lime 
combines with the carbonic acid from the 
lungs, and falls to the bottom of the vessel, in 
the form of solid particles of chalk. The 
solid thus produced, is called dL precipitate. 
„ . ^, 511. Filtration. — Filtration is 

Whaiisfiltra- . 

turn, and how the separation of a precipitate 

u U effected f ^^^^ ^j^^ ^jq^. j j^ ^j^j^j^ j^. j^ ^^^^ 

tained. This is effected by throwing the mix- 
ture into a paper cone, which retains the 
solid, while the liquid passes through its pores. 
Such a filter is prepared by folding unsized paper into 
the shape of a quadrant, which is then opened, so as 
to form a cone, commonly supported in a glass funnel. 
It is possible, in small experiments to dispense with the 
funnel, as is done in the figure, and even to use ordi- 
nary newspaper, in the place of that especially pre- 
pared for the purpose. 
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612. Crtstallization. — ^Dissolve 
uUM€/tUumb€ half a pound of alum in a pint of 
obtained f boiUng Water, and hang a cotton cord 
in the vial. As the water cools, crystals will form 
on the thread. Bonnet wire may be bent into the 
shape of baskets, miniature ships, d&c, and cov- 
ered, by this means, with a beautiful crystalliza- 
tion. 

JBxpiain the ^13. EXPLANATION. — ^Hot Water hos for 

procest. most substances greater solvent power 

than cold water. In the case of alum, for example, water 
slightly warmed, will dissolve twice as much as cold 
water. It follows, that as the hot water becomes cold, 
part of the alum must become solid again. In so 
doing, the particles, in obedience to their mutual at- 
traction, arrange themselves in crystals, as described 
in Chapter IIL 

614. Snow crystals. — Snow flakes are 

What is said _ . _ i • i i 

of snowerys- always either grouped or smgle crystals, 

'^''^ and their form may often be distinctly seen 

with the naked eye. They 

are best observed by catching |^ s^ 

them upon a hat, or other ^^ "^ 

dark object, and inspecting them in the open air. 

_, , . .J 615. Chemical combinations. — Water 

what M said • i i , , -i • «• r 

of the eombi- uuites With both bases and acids, to form 
nitons of wa- hydrates, Thus, with lime, it forms hy- 
drate of lime ; with sulphuric acid, hy- 
drated sulphuric acid. Most of the oxygen acids, in 
the form in which we employ them,. contain water in 
a state of combination, and are therefore hydrated 
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acids. They may also be regarded as salts, of which 
oxide of hydrogen or water is the base. 

What is said 516. RELATIONS TO LIFE. ^Water fomiS, 

of water in its ^y far, the greater part of all animal and 
life^ vegetable matter, as will be more fully 

seen in the portion of this work which treats of or- 
ganic chemistry. To water, the leaf of the vegetable 
and the muscle of the animal, owe, in a great degree, 
their pliancy and freedom of motion. In view of these 
and other relations to life, the negative properties of 
water are not the least important. Had it taste, oi 
odor, however exquisite, we should soon weary of them*. 
And but for its mild and neutral character, it would 
irritate the delicate nerves and fibres which it bathes. 
517. At very high temperatures the va- 

Whatisthe . \ . , 

effect of water por of Water decomposcs many minerals, 
fc^^esT'^^ and expels strong acids from their com- 
pounds. Under the stimulating influence 
of heat, this neutral liquid becomes a chemical agent 
of extreme energy. Such decompositions as are here 
referred to, are without doubt, constantly going on be- 
neath the surface of the earth. 



COMPOUNDS OF HYDROGEN, WITH CHLORINE, BROMINE, 
IODINE, FLUORINE, AND SULPHUR. 

Under this head, are to be described a new series of 
fecids, distinguished by the absence of oxygen from all 
which have hitherto been mentioned The molecules 
of each, like those of water, are composed of single 
ttoms of their constituents. 
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They are all gaseous, and are sometimes called hy^ 
drcLcids, from the hydrogen which enters into their com- 
position. Their salts are described in Chap. III. 

ji HYDROCHLORIC ACID, 

618. Description^. — Hydrochloric acid 
dr!oM^^ is a colorless gas, fuming, by contact with 
addf What the air. It sometimes issues from volca- 
le^enLy noes, but is, for the most part, an artificial 

product. Its solution in water is known 
as muriatic acid. 

619. Pbeparation. — Gaseous hydro- 
pr^rati^ chloric acid, may be produced, like water, 

by the direct combination of its elements. 
For this purpose, equal volumes of the two gases are 
mixed by candle-light, or in carefully covered bottles, 
and then exposed to the direct rays of the sun. The 
action of the light is so intense, that on throwing a 
bottle, thus filled, from shadow into sunlight, it imme- 
diately explodes. The explosion is a consequence of 
the energetic union of the two gases, under the influ- 
ence of the chemical rays of the sun. The acid pro- 
duced is at once dissipated in the air. Great caution 
should be used in this experiment, for even the diflfused 
light of day has been known, in some instances, to 
occasion explosion. 

620. Another method. — Hydrochloric 
9ther mode of acid may also be made from common salt, 
preparing iti ^jjich furnishes the chlorine, and ordinary 
hydrated sulphuric acid, which furnishes the hydrogeiu 
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A tea-spoonfuU of common salt is introduced into a 
test-tube, with about the same 
bulk of water. Half as much 
acid is added, the mixture then 
gently heated, and the acid gas 
led into water, as shown in the 
figure. Water absorbs, at ordi- 
nary temperatures, 480 times 
its own volume, of the gas. &^ 
There is no occasion, for the 

purpose of experiment, to carry on the process till it is 
thus saturated. A few minutes will suffice to make an 
acid strong enough to dissolve zinc. 
Explain the ^21. EXPLANATION. — Hydratcd sulphu- 

proee98, jj^ ^cid has always a strong tendency to 

form metallic salts. In this case it takes the metal, 
sodium, from the common salt, and thereby converts 
itself into sulphate of soda. At the same time it gives 
back hydrogen to the salt, in place of its lost sodium, 
converting it, by the exchange, into hydrochloric acid. 
The process just described, is the one always employed 
in the manufacture of hydrochloric acid. 

522. Action of hydrochloric acid on 

doe$ hydro- METALS. — ^Hydrochloric acid dissolves tin? 

^^ ^**" and all of the metals which precede it in 

the chapter upon metals. For tin, a hot 

and concentrated acid must be employed. 

623. The solution depends on the fact 

On what do€t 

the solution that the metals take chlorine, from the 
depend^ hydrochloric acid, thereby converting 

themselves into soluble chlorides. The hydrogen thea 
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assumes the gaseous form, and escapes with lively- ef- 
fervescence. An experiment may best be made with 
zinc, to which a little dilute acid is added. 
What u aqua 624. A^UA REGiA.— On mixing nitric 
reffiaf acid with half of its bulk of strong hydro- 

chloric acid, aqua regia is produced ; so called, from its 
legal power over the noble metals. Gold and platinum, 
which are not effected by either acid alone, dissolve 
readily in aqua regia. The solvent power of aqua re- 
gia depends, as before explained, on the nascent chlo- 
rine which it supplies. 

525. Htdrobromic and hydriodtc acids. 
d^mictnd These acids are of interest to the chemist; 
hi/driodie only. They resemble hydrochloric acid, 
in being colorless gases, strongly acid, 
soluble in water, and capable of dissolving many 
metals. 
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,^ . , 626. Description. — Hydrofluoric acid 

What is hy- 

drofirwric is a colorlcss, corrosive gas, acting on glass, 

^^^^ and many minerals which other acids do 

not affect. It condenses into a liquid, at the freezing 

point of water. It is not known to occur ready formed 

in nature. 

627. Preparation. — ^Hydrofluoric acid 

fiwrie acid is made from a mineral called fluor spar, 

prtpared? j^y ^j^^ ^^^^^ meaus employed to make hy- 

dochloric acid. On account of its corrosive action on 
^laas, vessels of lead or platinum are employed in the 
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process. This gas is so poisonous, when inhaled, and 
its solution so corrosive to the skin, that its prepara- 
tion, in any considerable quantity, should be left to the 
experienced chemist. 

Explain the ^38. EXPLANATION. — In the above pro- 
v^^^ ^ cess, the fluor spar, which is a fluoride of 

calcium, furnishes the fluorine, and hydrated sulphuric 
acid, the hydrogen. The remaining constituents unite 
to form sulphate of lime, which remains in solution. 

629. Etching on glabs. — ^It has already 
Mufor Heh^ - heeik Stated that hydrofluoric acid attacks 
infffflast. glass, and many minerals. By covering 
with wax, they may be protected against the corrosion. 
Advantage is taken of these two facts in etching 
upon glass. The surface is first slight* 
ly warmed and rubbed with beeswax, 
and then warmed again, to produce an 
even coating. Figures, or letters, are 
then drawn upon the glass, through the wax, with 
4 pen-knife, or other pointed instrument. The plate, 
b^ing now exposed for a few minutes, to the fumes 
of hydrofluoric acid, and the wax subsequently re- 
moved, is foimd-to be deeply etched. Fumes of hy- 
drofluoric acid, for the purpose, are best obtained by 
placing a half tea-spoonful of pulverized fluor spar, 
iaa warm tea-cup, and covering the powder with oil 
of vitriol. A. little ether, or potash, will be found of 
use in removing the last portions of wax from the 
plate. 

Eitplain^the .^30. ! ExPLANATipN,— As OXygCU COm- 

a6<we froeeu. bines witb carbon to form carbonic acid, so 
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the hydrofluoric acid eats out the silicon of the glass, 
where it is exposed, and passes off with it, in the form 
of a new and more complex gas. A solution of the 
ga^ may be prepared by the process employed for hy- 
drochloric acid. Bottles of vulcanized India rubber, 
or gutta purcha, may be used in keeping the solution 

HYBEOSULPHTJRIC ACID. 
631. Description — ^Hydrosulphuric acid 

Whatithy- 

drotulphuric is a colorless gas, also known as sulphti' 
*^^^ retted hydrogen. It has a putrid odor and 

feeble acid properties. Like the rest of the series, it 
is soluble in water. It occurs in many natural waters, 
called sulphur springs. It is one of the products of 
the decomposition of animal matter, and the source of 
much of the disgusting odor which they emit during 
putrefaction. 

ffoufisitpre- ^32. PREPARATION. — ^It is made from 
pared F sulphuret of iron, as hydrochloric acid 

is made from common salt ; and hydrofluoric acid 
from fluor spar. In the above process, sulphuret 
of iron furnishes the sulphur, and hydrated sul- 
phuric acid, the hydrogen. The remaining elements 
unite to form sulphate of iron, which remains in solu- 
tion. On account of the disgusting smell of the gas, 
it is best to prepare it only in small quantities. 
,_ 633. Discoloration of metals ani> 

What effect m, , , i . /. ., 

ha9 u on met- PAINTS. — The blackcumg of Silver watches 
^' ^^' ' and coins, in the vicinity of sulphur 
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springs, is an effect of hydrosulphuric acid gas. Its 
discoloring effect may be illustrated, by pouring a little 
dilute sulphuric acid upon a few grains of sulphuret of 
iron, in a tea-cup, and holding a bright moist coin in the 
fumes. Its effect on paints may be shown by exposing 
a piece of paper, moistened with solution of sugar of 
lead, in the same manner. The white paper immedi- 
ately assumes a dark metallic stain. Paper moistened 
with a solution of tartar emetic, takes a deep orange hue. 
This experiment is often varied, by drawing amusing 
figures on paper, with lead solution, and bringing them 
out by exposure to the gas. 

634. Explanation. — The change of 
cwMt^ the color in each case, is owing to the format 
c^nge of ^j^j^ ^f ^ metallic sulphide, having a diffe-* 
rent, and generally a darker color. Zinc 
is not blackened, because its sulphide happens to be 
white. For this reason, chemical laboratories, and other 
places where hydrosulphuric acid is likely to be evolved, 
should be painted with zinc paints, instead of those 
containing lead. 

635. Relations to life. — Sulphuretted 
effect of sul' hydrogen, if inhaled m any considerable 
^^ w^- quantity, acts as a poison. Caution should 
imalsf therefore be observed, in experiments with 

this gas. The mixture of gases which is given off 
from recently ignited coal, contains sulphuretted hy- 
drogen acid, in large proportion, and owes its deleterious 
qualities, in considerable part, to this admixture. 
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AMMONIA. 

^__- ,. 636.^ Description. — ^Ammonia is a col- 

What u am- 

( / orless gas, of pungent smell, and alkaline 



Where does u properties. It is exhaled from valcanoes, 



and is a product of the decomposition of 
all vegetable and animal matter. Its molecule contains 
one atom of nitrogen to three of hydrogen. 

Whatieeaid ^^^' P»OI>UCTION FROM ITS ELEMENTS. 

o/iuprodue- Although nitrogen and hydrogen gases are 
tt^enandhy- the sole elements of ammonia, they cannot, 
droffenf under ordinary circumstances, be made to 

unite directly, and form it. Heat does not stimulate 
their aflS.uities sujQSciently to bring about this result. 
Electrical sparks passed, for a long time, through a 
mixture of the gases, cause them to combine to a lim- 
ited extent. 
„ , . 638. Production from nascent ele- 

Produetton 

from ite nae- MENTs. — ^Irou, at a high temperature, ex- 
eetu element ^^^ hydrogen from ordinary hydrate of 
potassa, and nitrogen from nitre. If heated with both 
together, it expels both nitrogen and hydrogen, and the 
two nascent elements unite, to form ammonia. The 
experiment may be performed by covering bits of potash 
and nitre with iron filings, and heating them in a test- 
tube. Another method of producing ammonia, through 
the agency of platinum sponge, is described under the 
head of Platinum. 
i7>.,- .-. ^«.«^ 539. Preparation. — ^^Ammonia: is com- 

Jiow 18 ammO' 

nia eommoii- mouly made from salts that contain it, by 

ly ftrepared f 

using some strong base to retain the acid. 
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and set the gas at liberty. Foiast or lime may be 
used for this purpose. Introduce into a test- 
tube about half an inch of a stick of fused potash| 
and covered it with powdered sal-ammoniac. 
On the addition of water to dissolve them, am- 
monia will be immediately evolved. Rest the 
tube on the table, and place a wide-mouthed 
vial over it to collect the gas. 
„ . . 640. Solution in water. — ^Aoua ammo- 

ffow tS tt9 9(h 

htHlUyintoa- NI2B. Bring the mouth of the vial filled with 
ter proved? ammoniacal gas, quickly, into a bowl of 
water. The water will swallow up the gas so rapidly as 
to rise and fill the vial, producing a weak solution of 
ammonia, or hartshorn. If only a small portion of 
water be allowed to enter, and the vial be then re- 
moved from the bowl and shaken, the hartshorn ob- 
tained will be comparatively strong. For the prepara- 
tion of the solution in large quantity, the method given 
in the section on Chlorine is to be preferred. The 
vial should be previously warmed. Newly slaked lime 
may be substituted for potash. 

641. A miniature fountain. — ^Fill a 

pint vial with ammonia, by 

the method above given, and 

immediately introduce, air- 
light, into its mouth, a moist paper 
itopper, with a bit of pipe-stem run 
through it. Then invert the bottle into 
a bowl of water. The absorption by 
the first portions of water that enter will be so com- 

10 



How may the 
ammonia he 
employed to 
^produce a jet 
9f wUerf 
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plete as to produce a vacuum, into which mote iim» 
ter will rise, in a jet, as represented in the figure. 
„ , . . 542. Alkaline propbbties. — ^ftring the 

action on material for nmking ammonia into a tea«> 
^^ cup, or similar open vessel. Hold a strip 

of litmus paper, previously reddened by an acid, in the 
gas, as it is evolved. The acid will be neutralized by 
the ammonia, and the paper restored to its original colcnr. 
Any substance which is very soluble, and neutralizes 
strong acids, is called an alkali. As ammonia has this 
property, and is also volatile, it is therefore called a voir 
atile alkali. The same experiment with litmus paper, 
may be also made with the hartshorn obtained in the 
last experiment. 
^ ., . 643. It fumes with acid vapobs.— • 

Jjescrtbe tts . 

^ect on acid Moisteu a piece of paper with strong mu« 
vapors. riatic acid, and wave it to and fro through 

the gas. White fumes are produced, by the 
union of the muriatic acid and the ammonia. 
In uniting, they produce small particles of mu- 
riate of ammonia, or sal-ammoniac, in the air. 
b is of these that the fumes consist. It will 
be observed, that in this experiment the ma- 
terial from which the ammonia was originally pre* 
pared is reproduced. The same fumes are formed, 
on waving a paper moistened with muriatic acid through 
the atmosphere of a stable. Ammonia is constantly 
evolved in such places, from the decomposition of ani- 
mal matter. 
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PHOSPHURETTED HYDROGEN. 

wjuii ' luuu ^^^' ^^scRiPTioN. — Phosphuretted hy- 
phuretted htf- drogen is a colorless gas, of an odor that 
drogen? ^i^s been compared to that of putrid fish. 

It is spontaneously inflammable by contact with the 
air. In the relative proportion of its elements, it cor- 
responds with ammonia. This gas is sometimes pro- 
duced in the decay of vegetable and animal matters. 
The jack-o-lantem, or vnll-o-t he-wisp, sometimes seen 
in swamps and grave-yards, is supposed to have its 
origin in the spontaneous production and combustion 
of this gas. 

Sow is Ujpre- ^^^* PREPARATION. — Phosphurctted hy- 
paredf drogcn is made from phosphorus, with the 

help of water and an alkali. Water furnishes the requi- 
site hydrogen, if lime or potash is at the same time 
present. Introduce into a small vial two-thirds full of 
water, a stick of ordinary fused potash, broken in pieces, 
and a bit of phosphorus of the size of a pea. On the 
application of heat, this gas is evolved. It is carried 
through a pipe-stem, and al- 
lowed to bubble up through 
water contained in a tea-cup 
or bowl, as represented in the 
figure. If the atmosphere is 
still, the bubbles, as they burst 
and inflame, form beautiful 
white rings, which rise in succession into the air. 
These rings consist of particles of phosphoric acid, 
produced by the combustion of the phosphonis which 
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is contained in the gas. In order that the gas may be 
safely evolved, it is best to heat the vial in a tea-cup 
containing salt, dissolved in three times its bulk of 
water. The addition of salt has the effect of raising 
the boiling point. The comparatively high tempera- 
ture required, may thus be obtained without exposure 
of the vial to the direct flame of a lamp. 
Explain the ^^6. EXPLANATION. — ^lu the actiou which 
above proeeu, occiUTS in making phosphuretted hydrogen 
from potash, water, and phosphorus, the latter plays 
the part of an extremely rapacious element. It makes 
no distinction in the objects of its appetite, but seizes 
upon both oxygen and hydrogen of the water, two 
substances as widely different from each other as pos- 
sible. It forms with the one, phosphuretted hydrogen, 
and with the other, what might be called phosphuret- 
ted oxygen, but is, in fact, an acid. Potash is em- 
ployed in the process, to promote the formation of this 
acid. In its absence, water resists the affinities of the 
phosphorus, and neither acid or phosphuretted hydro- 
gen are obtained. 

COMPOUNDS OF HYDROGEN WITH CARBON. 

547. Most of the compounds of carbon and hydro- 
gen belong to the vegetable world, and will therefore 
be more properly considered in the chapter on organic 
chemistry. Only two of them, which exist ready 
formed in nature, will be here mentioned. 
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LIGHT GARBUBETTED HYDB0GE19. 

What u light ^^^' 'DESCRIPTION. — ^Light carbuietted 
earhurett^ hydrogen is a colorless, inodorous, in- 
WherelheBit flammable gas, about half as heavy sui 
oecurf air. Its molecule contains two atoms of 

carbon to four of hydrogen. It is produced in ponds and 
marshes, by the decomposition of vegetable matter under 
water, as will be more fully explained in Part III. From 
this circumstance it is also called marsh gas* Mixed 
with other gases, it issues from fissures in coal mines, 
forming the fire damp, formerly so much dreaded, on ac- 
count of its explosive properties. As coal is of vegeta- 
ble origin, the gas of the mines which proceeds from 
it is also traceable to the vegetable world. In some 
districts, and more particularly in regions where 
borings are made for salt, it issues from the earth in 
suflicient quantity to form the fuel which is required 
to boil down the brine, or even to illuminate villages. 

Sow is it pre- 649. PREPARATION. An 

pared f impure, light, carburetted hy- 

drogen, is obtained from wood, by simple 
heating. For this purpose, saw-dust, or 
bits of shavings are heated in a test-tube. 
The gas may be burned in a jet as fast as 
formed. The product thus obtained is 
not pure, but mixed with defiant, and 
other gases, which make the flame more 
luminous. The pure gas, may be made 
from strong vinegar, (acetic acid,) by the agency of 
heat and potash, as will be explained in the latter part 
of this work. 




550. Explosions in mines. — ^Marshgas 

JSxplain the ^ . , . , . 

cauwofexpUh forms, With air, an explosive mixture be- 
naninminesf ^^^^ alluded to, which IS ofteii the occa- 
sion of fearful accidents in mines. The experiment 
may be made with olefiant gas, which has the same 
explosive property. This property belongs, indeed, to 
most gases and vapors which contain hydrogen ; as for 
example, to the vapors of ether, alcohol, camphene, 
and " burning fluid." 

551. Davy's safety lamp. — The dis- 
vi^s 9<tfety tinguished EngUsh chemist, Davy, devised 
'«»»/>• a method of security against these explo- 

sions. It consists in surrounding the 
miners' lamp with wire gauze, which 
will admit air through its insterstices, 
but will not let out flame to ignite the 
explosive atmosphere of the mine. 
This effect may be illustrated, by 
holding down a piece of wire gauze upon the flame of 
a candle. If the gauze is fine, the flame will not 
pass through it. This effect is owing to the reduc- 
tion of temperature which the wire occasions. The 
subject will be better uuderstood by reference to the 
paragraphs which follow, on the nature of flame. 



HEAVY CARBURETTED HYDROGEN. 

Tm . .r ^^2. Description. — Heavy carburetted 
What are the . ^ , , ^ ^ 

properties of hydrogen is a colorless gas, of peculiar 

/^*^ Sf^f sweetish odor, also known as olefiant gas. 
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h is nearly twice as heavy as the light carburetted hy« 
drogen just described, and contains twice the quantity 
oi carbon. It forms a small proportion of the fre 
damp, of mines, and salt boriags, before described. 
Hon u it pre- 3^3. PaEPiLRATioN. — ^Hoavy carburetted 
paredi hydrogen is made from alcohol, by the de- 

composing action of sulphuric acid. Bring into a test- 
tube a tea-spoonful of alcohol, with a little sand, and 
add four times as much oil of vitriol. On heating over 
a spirit lamp, the gas is evolved, and may be burned 
like the gas just described, at the mouth of the tube. 
The acid employed, has the effect of retaining part of 
the elements of the alcohol, and allows the rest, to 
escape as defiant gas. The reaction* is more fully ex- 
plained under the head of organic chemistry. 
„ . .„ 664 Illuminating gas. — Gas for illu- 

minatirig gaa minatiou, is commonly prepared from bitu- 
""^^^ minous coal. Such coal is principally 

composed of carbon and hydrogen. A portion of 
these elements, pass off imder the influence of a high 
temperature, in the form of gas. The product, is 
rather, a mixture of gases, among which light and 
heavy carburetted hydrogen are the principal. The 
process may be illustrated, by heating a little pulver- 
ized bituminous coal in a test-tube. If the heat is in- 
tense, coal tar will be produced at the same time. The 
illuminating power of gas is principally derived from 
heavy carburetted hydrogen. Its quality, within cer- 
tain limits, depends on the relative proportion of this 
constituent. 

* The term reaction, signifies, in ohexmstry, the mutual aeticm ot 
chemical accents. 




f24 XBTALLOIOS. 

Bow is it pu' 655. PuwpicATioN. — ^The gas as it rises, 
^i/Mf contains ammonia and sulphuretted hydro- 

gen, two impurities which it is desirable 
to remove. The first may be stopped 
in its passage, by a loose wad of moist- 
ened paper ; the last, by a similar wad, 
moistened with solution of sugar of lead. 
The papers having been introduced, the 
pipe-stem is fitted to the tube with a pa- 
per stopper, and the tube heated over the 
alcohol flame, with the help of a blow-pipe. When 
the coal has become red hot, the ga« will pass off in 
sufficient quantity to be ignited, at the extremity of 
the tube. 

IT the ^^®* ^^ ^^® conclusion of the process, 

impurities the Upper wad contained in the tube, will 

**''^^ be found blackened by the sulphuretted 

hydrogen which it has retained. On removing the 

second one, it will be found to smell of ammonia. The 

presence of this body may also be shown, by the fumes 

which it yields with muriatic acid. 

Ti 1 .r ^^'^' Arrangements in gas works.— 

J/esenbe the 

process in gas The process in gas works is essentially the 
^^^ same, as that above described. The coal 

is heated in iron retorts. The tar collects in pipes lead- 
ing from it. Carbonate of ammonia is washed out by 
a jet of water, which plays in an enlargement of the 
pipe. Lastly, sulphuretted hydrogen is removed by 
the retentive power of a metallic base, lime being gen- 
erally substituted for lead. 




658. Collection and distribution.— 

n^M^geuTX ^^^^ purification, the gas is collected in 
^^tdf^^ laxge iron holders, called ga97meter$. 
These may be represented by the inverted 
tumbler of the figure. Gas pouring 
in from below would lift and fill it. 
If an orifice were made in the top, 
the tumbler would immediately set- 
tle into the water. The air would, 
at the same time, escape through the 
orifice. The distribution of illumina- 
ting gas, from public gas works, is effected on the 
same principle. The weight of the sinking gas- 
ometer, is sufiicient to press it through pipes, to all parts 
of a large city. 

559. Gas FRok wooD.-^-Gas. may be 

Mow mtty gas 

h9 made from made from wood, by the same means 
'^^^ above given. Only a moderate heat is re- 

quired, in this case, to produce tar at the same time. 
Gas of higher illuminating power than that prepared 
from wood or coal may also be made from oil fat or 
rosin. Even refuse vegetable substance may be em- 
ployed. A pound of dried grape skins have been found 
to yield 350 quarts of excellent illuminating gas. The 
dried flesh of animals has sometimes been employed 
for its manufacture. 

FLAMR 

What U said ^^' Flame. — ^Nothing in nature is, to 
nfflamB f tjie uninstructed eye, more mysterious than 
flame. It is, seemingly, body without substance, and 

10* 



8S6 MSTALXiOlDS. 

shape, without coherence. It is created by a spark, 
and annihilated by a breath. Invulnerable itself, it 
destroys whatever it touches. Divided and subdivided, 
it is still the same, yet endowed with the power of re- 
solving other materials into their elements. Chemistry 
resolves this mystery, and gives us the satisfaction of 
definite knowledge in its place. But, as in all similar 
case, while satisfying the understanding, it opens new 
fields to the imagination. The subject of combustion, 
as involved in flame, introduces us, for example, to a 
knowledge of the grand system of circulation of mat- 
ter as set forth in the last chapter of this work. 
„ , . , 561. Stbucture of flame. — Exflana- 

Explain the ■--. , -ii . 

uruciure of TioN. — Evcry lamp or candle, is 
flattie, ^ g^ factory, in which gas is 

first produced out of oil or fat, by the fire 
which kindles it, and afterward by the heat 
of its own flame. A flame, if carefully ob- 
served, will be found to consist of three 
distinct parts; a dark centre, a luminous 
body, and a faint blue envelop. The dark 
centre, is unbumed gas. The body of the 
Iflame consists of particles of carbon or lamp- 
black, heated white hot, by the combustion 
of hydrogen. In the exterior blue envelop, 
the carbon particles are consumed as they 
are crowded outwards, by the flow of newly-formed 
gas. 
„ . 662. Effect of flame on metals.— 

What is the 

tffeet ofitam If a tamished penny be held perpendicu- 
•n fMUdsf j^2y in the flame of a lamp or candle, the 




portion within the flame will lose its coating of oxide, 
while the exterior portions at the same time become 
more deeply oxidized, and consequently, darker colored. 
It is because there is an excess of carbon and hydro- 
gen in the interior of the flame, to take oxygen from 
the metal, by their superior ajBinity, and pass off with 
it as gas or vapor. In the ojitside, on the other hand, 
there is an abundant supply of air to impart oxygen, 
or, in 'other words, to oxidize. By moving the coin to 
and fro after it is once thoroughly heated, the instanta- 
neous conversion of metal into oxide, and oxide into 
metal, may be readily observed. A beautiful play of 
colors, like those upon a soap bubble, will be found to 
attend the transformation. The flame of a spirit lamp 
is, in some respects, preferable for this experiment. 

. 663. OxmiziNo flamv. — ^The blue en- 

Midizing vclop of the flame, which, with the hot 
flame/ ^j^ adjacent, has the property of oxidizing 

metals, is called the oxidizing flame. 
_ . , 664 Reducing flame. — The body of 

what ts the ^ „ _ . _ . , , . , 

reducing the flame, which. With the heated gas 

jiame t within it, has deoxidizing effects, and re- 

duces oxides again to the metallic form, is called the 
reducing flame. The process of deoxidizing is called 
reduction. 

666. The blow-pipe. — ^The peculiar 

^^^pe^of effects of both the oxidizing and reducing 

ejmpte eonr flame, may be still better obtained, by help 

of the simple mouth blow-pipe. In want 

of a metallic tube, a common tobacco-pipe, to the bowl 
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of which a piece of a second stem is fitted, 
as represented in the figure, may be made 
to answer the purpose. With its aid, a 
lamp or candle flame is converted into a 
miniature blast furnace. The mouth is ap- 
plied at the end of the long stem, while 
the shorter one carries the blast to the flame. The 
orifice of ' the latter should be extremely small. It 
may be so rendered, by filling with clay, and then 
piercing it with a needle. 

666. Oxidizing blow-pipe flame. — To 
SZ^'i^wted oxidize with the blow-pipe, the flame, 
fir oxidationf mixed with a large proportion of oxygen, 
ampU, is blown forward upon the metal, or other 

material, subjected to experiment. This is 
effected by introducing the extremityof the blow-pipCi 
a little within the flame. ^-<::::::=^='"v.— — 

The air of the lungs be- ^.^^::^^^^^n^^^^ 

comes thus mixed with i k aM[^ 

the rising gases. The ii j||||H 

result is, a slender, blue EUJlIP 

flame, at the point of 

which, within its fainter blue envelop, the metal is 
to be held. A piece of lead, of the size of a grain of 
wheat, placed on charcoal, hollowed out for the purpose, 
and exposed to the flame, will soon be converted into 
litharge. The oxide will be recognized by the yellow 
incrustation which it forms upon the charcoal support 
„ . , 667. Reducing blow-pipe flame. — To 

Sow %$ the 

hiaw-pipe tued couvert oxides into metals, or in other 

fi^^^ words, to r^uce with the aid of the 

blow-pipe, the gases of the flames are 
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blown forward, upon the substance, mixed with little 

air. The extremity of 

the blow-pipe is placed 

against the outer wall of 

the flame, a little higher 

than in the previous case. 

The flame thus produced 

is yellow, and of the shape represented in the figure. 

The oxide to be reduced, is to be placed within the 

yellow body of the flame, but near its termination. 

The litharge produced in the last experiment, may 

be re-converted, by this means, into metallic lead. 

668. OXTHTDROGEN BLOW-FIPE. The 

J>^^^^ compound or oxhydrogen blow-pipe, as 
blwhpipe, conunonly constructed, consists of two 
gasometers, containing, the one, oxygen, 
and the other hy- 
drogen gas. Tubes 
leading from these, 
are brought together 
at their extremity, 
and the two gases are 
burned in a single jet. 
The heat thus pro- 
duced, is the most in- 
tense that has ever 
been realized except 
by galvanic means. Iron, copper, zinc, and other metals, 
melt and burn in it readily ; the former, with beau- 
tiful scintillations, and the latter, with characteristic 
colored flames. With a sufliciently constant flame 

10* 
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platinum also may be readily fused. The appoiatua 
represented in the figure, furnishes a simpler means of 
obtaining similar results. An abundant flow of hy- 
drogen is required, and a pint bottle should, therefore, 
be employed in its preparation. To retain it free from 
water, which would tend to reduce the heat of the 
flame, a little cotton may be introduced into the bowl 
of the pipe through which it passes. In evolring the 
oxygen, only a part of the tube should be heated at a 
time, lest the gas should be too rapidly evolyed. 

. Flame continued. — ^The student will 

Hire 9fflam$ already have found abundant evidence that 
Medf^^^ air or oxygen is essential to combustion. 
A still more striking illustration of the sub- 
ject remains to be given. A phosphorus 
match, if suddenly introduced into the 
interior of a flame, notwithstanding the 
high temperature in its vicinity, is not 
ignited. The wood burns off, but the 
phosiAuNrus of the match does not un- 
dergo combustion. The same principle 
may be illustrated by holding a match 
for a moment through the body of the 
flame. It is consumed at the sides, 
while the centre remains unbumed. 




CLASSIFICATtOH OF lIETiXS. SSI 

CHAPTER II, 

METAIA 
„ , 669. Classification. — The metals may 

How may the '' 

mftdu be dcf- be arraDged m groups^ or classes, according 
nfiedf ^^ ^g^ aflimty for oxygen. Those which 

tarnish, or rust most readily, come first in order, while 
the last group is made up of the noble metals, which 
retain their brilliancy, unimpaired. 

., . 670. Class i. Potassium and sodium. 

Describe the 

metaU of These two metals combme with oxygen so 
^**** ^ eagerly, as to tarnish instantaneously, on 

exposure to the air. They even seize on that which 
is contained in water and expel its hydrogen. The 
hypothetical metal, ammonium, is described in connec- 
tion with this group, because of the similar properties 
of its compounds. 

Deteribe Clem ^71. ClaSS II. BaRIUM, STRONTIUM, CALCI- 

^ UM, MAGNESIUM. — The motals of this class 

show their affinity for oxygen, in the same manner as 
those of Class I. But they are inferior, in this respect, to 
both potassium and sodium. Either of these metals 
can deprive them of the oxygen with which they may 
have combined. 

Deecribe Clan 572. ClaSS III. MANGANESE, ALUMINIUM, 
•^ IRON, CHROMIUM, COBALT, NICKEL. The 

metals of this class tarnish less rapidly than the fore- 
going, by exposure to the air. In order that they may 
decompose water, and appropriate its oxygen, they re- 
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quire the stimulus of au acid, or of heat. Except in 
the case of manganese, the heat must be suflSicient to 
convert the water into steam. Strictly speaking, there- 
fore, they do not decompose water, but steam. 

Describe Class 673. OlASS IV. T IN AND ANTIMONY— 

^^' Tin and antimony tarnish less readily than 

the metals of the previous class. To enable them to 
decompose water, and appropriate its oxygen, they re- 
quire the stimulus of a red heat. An ax5id, or mode- 
rate heat will not suffice. 

Describe Glass ^74. OlaSS V. CoPPER, BISMUTH, AND 

r. LEAD. — ^Although copper and lead become 

tarnished, or covered with a thin film of oxide, rather 
more readily than the metals of the last two groups, 
their affinity for oxygen under other circumstances is 
less. This is evident in the fact that a red heat ena- 
bles them to decompose water and appropriate its oxy- 
gen, but feebly. Acids will not suffice. Bismuth 
does not tarnish so readily as copper or lead. 

Describe Class ^76. ClaSS VI. MeRCURT, SILVER, PLA- 

^^- TiNUM, AND GOLD. — The mctals of this 

class do not tarnish, and do not decompose water under 
any circumstances. Even if made to combine with 
oxygen by other means, they yield it again very readily, 
and return to the condition of metals. They are called 
the nobU metals. 



CLASS FIEST. 

POTASSIUM. 

676. Description. — ^Potassium is a 
£«r^SSn7 ^^^^^^ white metal, lighter than water, 
toivents; and soft, like bees-wax. Like wax, it is 

also converted by the heat of an ordinary 
fire into vapor. Water and acids dissolve it readily. 
The metals of this and the following groups, were dis- 
covered by Sir Humphrey Davy, early in the present 
century. They were first produced by the galvanic 
process. Potassium is a constituent of many rocks, 
of all fertile soils, and of the ashes of plants. ^The 
more important minerals which contain it, axe men- 
tioned in Chapter III. 

577. Preparation.— Potassium is made 

How is patas' ^ , >, , . 

numpre- from caibonate of potassa, by removmg 
P^^^^ its carbonic acid and ox- 

ygen. This is accomplished by 
heating intensely with charcoal, which 
removes both in the form of carbonic oxide. 
The metal which accompanies the gas, in the form 
of vapor, is condensed by naptha, instead of water. 
The process is essentially the same as that for preparing 
jdiosphorus, but requires apparatus beyond the reach of 
the ordinary experimenter. Cream of tartar^ if heated, 
is converted into a nearly suitable mixture of carbonate 
of potassa, and pure carbon, for this purpose. A small 
quantity of charcoal, in fragments, is added, and the 
whole heated intensely in an iron retort. 
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Sxflain the 678. COMBUSTION ON WATER. — ^PotaS- 

J^J^/^ sium, if thrown upon ^r- 

water, water, is immediately 

ignited and burns with a beautiful 
violet flame. Strictly speaking, it is not potassium 
which burns, but the hydrogen which it sets at liberty, 
Owing to its strong affinity for oxygen, it takes this 
element from water, liberating, and at the same time 
kindling, the hydrogen with which it was before 
combined. The color of the flame is due to a small 
portion of vaporized potassium which burns with 
this gas, as it is evolved. The globule of metal used 
in this experiment, gradually disappears, because the 
pota^sa which it forms by uniting with oxygen, is 
soluble in water. 

679. Uses of potassium. — Potassium 

state the utes , . , . 

of potoiH- has not been applied to important uses m 
*^' the arts, but is a valuable agent in the 

hands of the chemist. It is a key which unlocks 
many substances from the prison in which nature has 
confined them. Through its agency, brilliant metals 
may be obtained from lime, magnesia, and common 
clay. 

680. This effect depends on the supe- 

On what does . «, . . - . ... , , 

it» action de- rior affinities of potassium, which enable 
^^^ it to appropriate oxygen, chlorine, and 

other substances, with which the above, and several 
other metals are combined in nature, and to isolate the 
metals themselves. The potassium is, at the same 
time, converted into oxide, or chloride of potassium, 



vhich is soluble in water, and may be washed away 
from the metal which has been produced. 

SOOIUBl 

681. Pkopebties.— The metal sodium is 
•eription, similar iu its properties to potassium. It 
^^^1^^^*^ is prepared by similar means, from carbo- 
oeeurrence? nate of soda, and may be employed by the 
chemist, for the same purpose. It occurs, principally, 
in nature, in the form of common salt. Thrown upon 
water, it decomposes it, without however igniting the 
hydrogen which is evolved.* Sodium is readily sol- 
uble either in water or acids. 

682. Uses of sodium. — Sodium is now 

JFbr vhtU put- 1 . « . -r^ 

poaeUit prepared m large quantities, m France, 

^"^^ as a material to be used in the manu- 

acture of the metal aluminium. Its cost, a few years 
since, was ten dollars an ounce. It can now be pro- 
cured for less than a dollar per poimd. 

AMMONIUM. 

683. Ammonium is a compound of ni- 
of atrmwi' trogeu and hydrogen, which is presumed 
*^' to be a metal. Its molecule contains one 
atom of nitrogen, to four of hydrogen. If a metal, it 
differs from all others, in being a compound, and not a 
simple element. There are, however, good grounds 

• If sodium is wrapped ia paper, to preyent waste of heat, it buraa 
witli flame, like potasi&um, upon water. 



for believing in the existence of such a compound 
gaseous metal. The chloride of ammonium is named 
in accordance with this view. Judging from the prop- 
erties of the salt, we might reasonably expect, by re- 
moval of its chlorine, to obtain from it a substance 
with metallic properties, as well as from chloride of 
sodium or common salt. But the experiment does not 
justify the expectation. As soon as the chlorine is re- 
moved, the metal also decomposes, and a mixture of 
gases is the result. The principal ground for attribu- 
ting a metallic character to the combination of nitrogen 
and hydrogen gases, in the preparations above stated, 
has been already indicated. They supply, in certain 
salts, the place which known metals fill in the other 
and similar compounds. A confirmatory experiment 
is described in the succeeding paragraphs. 

584. Ammonium amalgam. — ^Another 

State another -. /. , i . . . , ^ 

reason for he- ground for believmg m the existence of 
^^t^lf\ ammonium, with true metallic properties, 
metal ammo- is found in the following experiment : If 
chloride of ammonium be mixed with an 
amalgam of sodium and mercury, a double 
decomposition ensues. The chlorine and 
sodium unite to form common salt, while the 
mercury combines with the ammonium with- 
out losing its metallic lustre. But there is no 
instance of this retention of metallic properties in the 
combination of mercury or any other metal with any 
non-metallic substance. The inference is that ammo- 
nium is a metal. But any attempt jto isolate it by re- 
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moval of the mercury from the amalgam, is ineffectual. 
As soon as this is done the ammonium is resolved into 
gaseous ammonia and hydrogen. This change takes 
place, indeed, spontaneously. 

686. In performing the above experiment, 

Mow is the 1, T 1. 1 r * • J- 

amalgam ex- & Small globulc of potassmm or sodmm IS, 
jwei/ ^^^^ heated with a thimble full of mercury in a 
test-tube, and a strong solution of sal am- 
moniac added. The mercury increases in bulk without 
losing its lustre, and continues to expand till it fills the 
tube or glass with a light pasty amalgam. 

CLASS SECOND. 

BAMUM— STRONTIUM— CALCIUM— MAGNESIUM. 

686. Barium. — ^Barium is a soft silvery 
^^a^i^o- metal, easily tarnished in the air. It is 
*«^**<»* ^^ made from baryta, by the process already 
described under the head of potassium. 
Its compounds, including baryta, from which it is pre- 
pared, are hereafter described. Barium is soluble in 
water and most acids. 

587. Strontium. — Strontium is very 
dfil^u^ similar to barium, but darker in color. It is 
P^«^*^ produced from strontia by a similar process. 

Its solvents are also the same. 

588. Calcium. — The metal calcium is 
teription, pro- similar to barium, and is made from lime 
^^V^ by the use of potassium, as before de- 
scribed. Its solvents are the same as those 

of the metals above-named. 
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Magnesium-- ^^^' Magnesium. — ^Magnesium is a soft 
description, white metal, prepared from its chloride 
^Muerusani instead of the oxide, by similar means. 
oeeurrenee f ^^^^ ^f ^^le metals of this class have as yet 
been applied to any useful purpose in the arts. Water 
' oxidizes magnesium as it does the other metals of the 
class, but converts it into an insoluble white powder. 
Most acids dissolve it. 



CLASS m. 

ALUMINIUM 

590. Description. — ^Aluminima is a 
^^©Jl^oc^ bluish white metal, made from common 
c^Ttf^e,ani clay. It is about one-third as heavy as 
iron. . It fuses at the same temperature 
as silver, and preserves an untarnished surface in the 
air. It does not decompose water, even with the aid 
of boiling heat. Alloyed with iron, it protects the 
latter from the action of the air. This metal is a con- 
stituent of common clay, and therefore a part of all fer- 
tile soils and the rocks that produce them. It is also 
a constituent of numerous minerals. By its discovery 
every clay bank is converted into a mine of valuable 
metal. 

How is it pre- ^91. PREPARATION. — ^Alumiiiium is prc- 
paredF pared like magnesium, from its chloride, 

by fusion with potassium or sodium. The latter metal 
is commonly employed. The fluoride may also be 
used in the process, or the mineral cryolite^ which 



is a compound of fluoride of aluminium with fluoride of 
potassium. The latter constituent interferes in no wise 
with the process. The method of preparing the chlo- 
ride, as a material for the production of the metal, i0 
given in the section on Chlorides. 
„„ . ^ 692. Action of Acids. — Muriatic acid 

What is th^ . . ,' _ . ., . 

action of acids IS its proper soiveut, and forms with it a 
••**^ colorless solution. Nitric acid whitens it, 

if previously dipped into strong potash or soda. Dilute 
sulphuric acid is without action. Aluminium may be 
poured from one vessel to another in a fused condition 
without oxidation. Like silver it may be deposited by 
the galvanic process. 

693. It is highly sonorous, and therefore 
other proper- adapted to manufacture of bells. This 
^^ metal is now prepared in Prance at less 

than three dollars per pound. The French government 
propose to use it for helmets and cuirasses, for which 
it is especially fitted by its lightness and tenacity. 

694. Manganese. — ^Manganese is a 
dncr^H^ grey brittle metal, produced from its oxide 
production, ^yy heating with charcoal. It is found in 

occurrence, ^ ° 

solvents and nature as black oxide of manganese and as 
**" a constituent of many other minerals. It 

enters also in small proportions into the composition of 
soils. Diluted sulphuric or muriatic acid are its proper 
solvents, forming with it pale rose-colored solutions. 
The black oxide serves as a source of oxygen, and is 
also employed in the preparation of chlorine gas. It is 
also used in the production of artificial amethysts, and 
also to impart to glass the same violet tint. 
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_^ . 696. Description. — ^Pure iron is nearly 

fropertiesof white, quite soft, exceedingly malleable 
*'*^ and highly tenacious. It may be rolled 

into leaves so thin that a bound book containing forty- 
four such leaves shall be only one-fifteenth part of an 
inch in thicknesss. In the condition of perfect purity 
it is never seen except in the chemist's laboratory. 
Even the purest iron of commerce contains traces 
of other substances. Dilute sulphiuric or 
muriatic acids are its proper solvents, form- 
ing with it green solutions. The addition 
of nitric acid, or chlorine, changes the color 
to red. Iron may be readily burned, as has al- 
ready been shown in the section on Oxygen. 

696. Occurrence. — Iron is a most 

J>oe9 metaUie _ _ t i • i 

iron occur in abundant metal, but is rarely or never 
nature f foimd in the metallic form, excepting as 

meteoric iron. In this condition it is always alloyed 
with nickel. The latter metal being uniformly com- 
bined with it in masses known to have fallen to the 
earth as meteors^ its presence in similar masses dis- 
covered on the surface of the earth, is regarded as evi- 
dence of their meteoric origin. Iron is a constituent 
of a great variety of minerals, of all soils and plants, 
and even of the blood of animals. The peroxide of 
iron, the magnetic oxide, and clay iron stoncj are its 
principal ores. Whole mountains of the magnetic oxide 
exist in Missouri, and in Sweden. 
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Sow is iron 597. PRODUCTION. — Iron is produced 

produced f f^om its ores, which are impure oxides, by 
heating with lime, to remove 
the impurity; and at the 
same time with coal, and 
the gases proceeding from it, 
to remove the oxygen. A 
smelting furnace, such as is 
represented in the figure, 
being previously heated, is 
charged with the material in 
layers, and the heat main- 
tained by the coal of the 
mixture. In the upper part 
of the furnace the materials 
are thoroughly dried. As 
they gradually settle, they 

become more thoroughly heated, and meet carbonic 
oxide from the coal below, which robs the iron of its 
oxygen, and converts it into particles of metal. Still 
lower down, the lime combines with the earthy por- 
tions of the ore, forming a liquid glass. The re- 
duced iron thus liberated, collects, fuses, and sinks to 
the bottom of the furnace. Prom this point it is run 
off into channels of sand, where it hardens into pig 
irmi. 

598. Explanation. — The ordinary im- 
purities of the ore are clay and quartz, or 
silica. Lime has the property of forming, 
with both of these, a fusible glass, or slag, 

upon the melted iron. This material ia 
II 




How is the 
slag formed f 
For what uses 
may it be em- 
phyedf 

which floats 
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of a light green color. Bat it may be otherwise col- 
ored to suit the taste, and cast into slabs^ columns, ar- 
chitectural and parlor ornaments of great beauty. 
The process by which its brittleness is removed, and 
the slag adapted to the above uses, has not been made 
public. 

599. Oast iron — The pig or cast iron, 

Give the com- .. ,, . ,.,. ,, ,- 

pontion and as it IS Called, which IS thus obtained from 
^^^^^^^ the furnace, is not pure iron, but a com- 
pound of iron with carbon. It has ob- 
tained four or five per cent, of this element from the 
coal with which it was reduced. The addition of 
carbon to its composition causes iron to melt more 
readily. But for its absorption, the metal would not 
have become sufficiently soft to flow from the fur- 
nace. Carbon has also the opposite property of mak- 
ing iron harder and more brittle when cold. Castings 
of agricultural implements and other objects, are made 
by remelting the pig iron, and pouring it into moulds 
of the required shape. 

^ . 600. Wrought iron. — Wrought iron is, 

nrmtght inm made from cast iron, by burning out its 
"^^ carbon. This done in what is called a 

leverberatory furnace, such 
as is represented in the fig- 
ure. The carbon is burned 
out by the surplus air of the 
flame, which is made to play 
upon the molten iron. Prom 
the constant stirring which is essential, such a furnace 
for refining iron is called a puddling furnace. The 
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metal becomes stiffer as it loses carbon, and is then 
hammered and rolled into bars. 

. 601. Iron wire. — ^The bar, or wrought 

important iron thus produced, is highly malleable and 
^Z^Miron. ductile, and may be rolled into sheets, or 
How it iron drawn into the finest wire. Wire is made 
^^ by drawing a wrought iron bar, by ma- 

chinery, through a hole of less than its own diameter, 
and repeating the process until the required degree of 
fineness is attained. Wrought iron loses its tenacity, 
and becomes granular and brittle, like cast iron, by long 
jarring. This effect sometimes occurs in the wheels 
and axles of railway carriages, and is the occasion of 
serious accidents. 

602. Welding. — ^Wrought iron becomes 
wrought iron soft at a certain heat, without melting. 
wddedf rpjjjg property, which adds greatly to its 

usefulness, belongs to no other metal excepting plati- 
num. In the soft state, two pieces may be united by 
hammering. This process is called welding. The 
surfaces to be welded are sprinkled with borax, to pro- 
tect them from the air, which would form a crust of 
oxide of iron, and prevent a perfect contact. Its fur- 
ther action is explained in the chapter on Salts. Beside 
borax, other materials having a similar effect are fre- 
quently employed. 

How is steel ^03. Steel. — Steel may be made from 

made f (jast iron by burning out half its carbon. 

Or it may be made from wrought iron, by return- 
ing half of the carbon which was removed in its 
preparation. The latter is the process generally pur- 
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saed. It consists in burying the wrought metal iu 
iron boxes containing charcoal, and heating it for 
several days, till combination with a certain portion 
of the carbon is effected. 

604. Annealing. — The hardness of 

How is steel 

made soft or Steel depends upon the rate at which it is 
cooled. By heating it to redness, and 
cooling it slowly, it is rendered as soft and malleable as 
wrought iron. This process is called annealing. By 
cooling it very suddenly, it becomes as hard and brittle 
as cast iron. Steel instruments are commonly ham- 
mered out of the soft steel, and subsequently hardened. 
How is steel ^06. TEMPERING STEEL. — Stccl hardened 

tempered f ^s abovo described is too hard and brittle 
for most uses. A.ny portion of its original softness and 
tenacity may be returned to it, by reheating and slow 
cooling. To restore the whole, a red heat would be 
required. To give back part, and make a steel so 
tough as not to break readily, yet sufficiently hard for 
cutting, a lower temperature is employed. This process 
is called tempering. The sort of temper imparted de- 
pends upon the degree of heat which has been em- 
ployed. 

. 606. The proper temperature is ascertained 

proper heat by the color which the steel assumes when 
ascertained f Seated. Tools for Cutting metal are heated 
till they become a pale yellow ; planes and knives, to 
a darker yellow ; chisels and hatchets, to a purplish 
yellow ; springs, till they become purple, or blue. In 
each case they are afterward slowly cooled. These 
colors are owing to a film of oxide of iron, which is 
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formed upon the steel under the influence of heat. The 
tint is different, according to the thickness of the 
film. All these colors may be seen by heating a knit- 
ting-needle in the flame of a spirit lamp. Where it is 
hottest it becomes blue, and this color shades off into 
pale yellow on either side, like the colors of the solar 
spectrum. 
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CHROMIUM. 

607. Description. — Chromium is a grey 
metal, not readily tarnished, and so hard 
as to scratch glass. It is of no use in the 
arts in the metallic form. It is found in 
combination with iron, as chromic iron, and also in 
beautiful crystals, as red chromate of lead. It may be 
prepared from its oxide, like iron, by heating with 
charcoal. Its compounds are much used as paints. 
Chrome green and chrome yellow are among the 
number. Its proper solvents are the same as those of 
iron. The solutions of this metal are green. 



COBALT 



608. Description. — Cobalt, is another 
grey metal, tarnishing but slightly in the 
air. It is somewhat malleable. It is found 
combined with arsenic, as arsenical cobalt, 
and in some other minerals. As metal, 
it re without useful application in the arts. It may 
be produced like iron, by heating with charcoal, 
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but is more readily reduced by hydrogen. A cqr^ 
rent of this gas being made to pass through a hot 
tube containing the oxide, it combines with oxygen, 
and passes off with it as water, leaving the metal in the 
form of a fine powder. Its proper solvents are the 
same as those of iron and chromium. The solutions 
of cobalt are pink. The oxide is employed for im- 
parting a blue color to glass. 

NICKEL. 

X^iekei-^ 609. Nickel is still another grey metal, 

^^!^^i lighter in color and more malleable than 
itres, tolvenu, cobalt, and not much affected by the air. 
It is found in combination with copper, in 
the mineral called copper nickel. It may be prepared 
by either of the methods used for cobalt. Its proper sol- 
vents are the same as those of the last four metals. The 
solutions of this metal are green. Nickel is principally 
used in the preparation of the alloy called German sil- 
ver. This imitation of silver is brass rendered white 
by the proportion of nickel which it contains. The 
alloy is composed of one hundred parts of copper, six- 
ty of zinc, and forty of nickel. 



zmc. 

610. Description. — Zinc is a bluish- 

$€ription, white metal, readily tarnished in the air. 

or^andtol' j^ jg brittle at ordinary temperatures, and 

converted into vapor at a red heat. If 
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bested somewhat above the temperature of boiling 
ter, it can be rolled into sheets. At a higher tempera- 
ture it s^ain becomes brittle. Sulphuric and muriatic 
acids dissolve it readily, forming colorless solutions. 
It is not found native. The red oxide^ and the carbon- 
ate, called calamine^ are among its more important ores. 

611. Production. — Zinc is produced 
produced f ftoTti its oxide by heating with charcoal to 
r^tu^df^^ remove the oxygen, or, in other words, to 

reduce it. When made from the carbonate, 
the ore is previously roasted, to expel 
its carbonic acid and bring it to the 
state of oxide. As the metal is volatile 
at the heat required in its reduction, an 
ordinary furnace, such as is used for making iron, can- 
not be employed in the process : the metal would be 
lost in vapor. A clay retort, or muffle, such as is re- 
presented in the figure, is used instead. The zinc va- 
por condenses in the cool neck, and falls, in drops of 
melted metal into a vessel of water placed to receive 
it. The carbonic oxide produced in the process at the 
same time, escapes into the air. It will be observed, 
that the process is essentially the same as that for pro- 
ducing potassium and phosphorus, as before described. 
Acids dissolve zinc, forming colorless solutions. 

612. Action of heat and air. — Zinc 
he burned f may be burned by heatmg it on charcoal, 
Saw melted f ^^ ^j^^ blow-pipe flame. It melts, and con- 
verts itself rapidly in the process into 
white oxide of zinc. If an intense 
heat is employed, the vapors of the 
metal burst through the crust and bum 
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to oxide, with a brilliant greenish flame. When zme 
is burned in considerable quantity, in a highly heated 
crucible, the oxide forms flakes in the air, to which the 
name of lana philosaphica, or philosophers' wool, was 
given by the alchemists. The metal may be melted 
over a spirit lamp, in an iron spoon. 
Mention the 613. UsEs OP ZINC. — Ziuc is principal- 

vMB of zinc, ly employed in the form of sheet zinc, for 
roofing and similar purposes. It is also used, like tin, 
as a coating to protect iron chains and other objects 
from rust. The coating is effected by plunging the 
iron into molten zinc, which forms an alloy upon its 
surface. The iron thus coated is sometimes called gain 
vanized iroxij though without reason, as is evident from 
the above process. Solutions of zinc are sometimes 
used to prevent the decay of wood, and to render it 
less combustible. It has also been employed with 
success, as a substitute for copper, in sheathing vessels. 



CLASS FIFTH. 

TIN. 

614. Description. — Tin is a brilliant 
metal Tin. white metal, very soft and malleable, emd 
Ir^uu^ldef ^^* easily tarnished. When a bar of tiji 
is bent, it gives a peculiar grating sound, 
fancifully called the cry of tin. This is a consequence 
of the friction of the minute crystals of tin of which 
it is composed. Its only ore is an oxide, called tin 
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itoncy of which Cornwall, England, is the principal 
locality. 

Brno u tin 615. PRODUCTION. — Tin is produced, 

produced f \y^Q iroiwand most other metals, by heating 
its oxide with carbon. The materials are heated in a 
small blast furnace. The carbonic oxide produced in 
the fire, as before explained, is the reducing agent. It 
takes the oxygen from the ore, and passes off with it 
as carbonic acid, while the metal fuses, and runs to the 
bottom of the furnace. By heating tin before the 
blow-pipe, it is rapidly converted into white oxide. 

ffawdoaeida 616. AcTION OF ACIDS. Tin rCSistS 

act on tin f weak acids remarkably. Dilute muria- 
tic and sulphuric acids, which dissolve most of the 
metals before described, act upon it but feebly. The 
concentrated acids dissolve it with comparative ease. 
Its solution, although less poisonous than those of 
lead, are still injurious to health. Acid food should, 
therefore, never be allowed to stand for a long time in 
tin vessels. The solutions of tin are colorless. 

617. Nitric acid acts upon tin with en- 
action of ni- ergy ; but, like a ferocious animal that de- 
tne acidf stroys without devouring its prey, leaves 
it undissolved. It converts it jnto a white 
insoluble powder of oxide of tin> with the 
evolution of the usual red fumes. This case 
is an exception to the usual action of nitric 
acid. One portion of the acid commonly 
acts to produce oxide, while another portion dissolves 
the oxide formed. The experiment for the solution 
11» 
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of tin may be made with tin-foil, in a tea-cup or test- 
tube. 

618. -iflrMo-rcFta, it will be remembered, 

What 18 the , . ^ ^ ^ , 

action of aq%M- IS a mixture of nitnc and muriatic acids. 
regia on tin f j^ ^^^^ cBs&s they act, as before described, 
in concert, to dissolve metals that neither can dissolve 
alone. They act thus, also, upon tin, in small por- 
tions. But if larger quantities are employed, the mix- 
ture grows warm, and the nitric acid, as if stimulated 
beyond restraint, attacks the metal for itself, and con- 
verts it, as when it acts alone, into a white powder. 
^ 619. Coating PINS. — Common brass pins 

ffow are pins t -» -» -f • , /• 

coated with ' are coatcd, by boilmg with cream of tartar 
'*** ^ and tin-foil, or bits of tin. The acid of 

the tartar acts as solvent. Tin is then deposited on 
the mere electro-positive brass, as in cases of galvanic 
decomposition. At every point where brass, tin, and 
the liquid are in contact, a small galvanic battery is, in 
fact, produced. 

How 19 tin 620. Tin ware. — Tin is cast in va- 

piaie made ! rious forms, for culiuary and chemical ut^i- 
sils. A little lead is added to give it greater tough- 
ness. Common tin ware is made of sheet-iron, coated 
mth tin. The coating of the metal is effected by 
dipping well cleaned sheet-iron into molten tin. 
„ , 621. Crystalline tin. — Tin has a great 

How may the , ,,. jr 

ttyetaiiine tendency to assume a crystalline form. 
t^b^Iee^^f The structure may be observed on wash- 
ing the surface of ordinary tin plate with 
• aquc^regia, to remove the thin coating of oxide. It 
may be still better seen if a tin plate is heated over a 
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iamp till tho coatiiig melts, then suddenly cooled, and 
afterward cleaned as above directed. The whole sur* 
&ce is then found to be covered with beautiful crys- 
talline forms. 
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DutriU th€ 622. DESCRIPTION. — ^Antimony is a blu- 
"T^F^ ish white and highly crystalline metal 
what ore U it which does not tarnish in the air. It is 

obtaiftcd f 

SO brittle that it may be readily reduced to 
powder. The ore from which the metal is produced is 
the grey sulphuret, or antimony glance. 

623. Production. — ^Antimony may be 
tnonypro- obtained from its oxide, by the usual pro* 
ducedr gggg ^f reduction. The sulphuret is first 

partially converted into oxide by roasting, and still fur- 
ther by carbonate of soda, which is added in the sub- 
sequent process. It is then mixed with charcoal, and 
intensely heated in crucibles. At a white heat the 
metal fuses, and sinks to the bottom. The soda added 
in the process exchanges its oxygen for the remaining 
sulphur of the ore. 
^ 624. Action of heat and air. — ^If heated 

JSTow may an- -!•,,,. . , 

Hmofiff be before the blow-pipe, antunony soon melts, 
*'*"**^^ and bums with a white flame. It is at the 

same time converted into oxide. A portion of the oxide 
escapes into the air, while the rest forms 
a white coating upon the charcoal sup- 1 
port. At the high temperature which I 
is here produced, the affinity of the 
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metal for oxygen is so stimulated, that the molten 
globule will continue to burn, even if removed from 
the flame. By directing a stream of air upon it, 
from a pipe-stem, the combustion may be maintained 
till the globule is entirely consumed. 

626. If the molten globule be allowed 
^J!^,^** to fall upon the floor, it im- . , 

mihih^fMJ' mediately divides into hun- >Wi/>^'l 

ten globule f ' , , ^^'S^'A!^^'^ 

dreds of smaller globules, which -j^i^^ 
radiate in all directions, leaving each a dis- ''<?^}w^ 
tinct track of white oxide behind it. 

What i$ the 626. ACTION OV CHLORINE. A shoWCr 

^on'^aJ^' ^^ *^ ^^y ^® produced by sprinkling fine 
many / powder of antimony into a vial containing 

chlorine gas. The metal is hereby converted into a 
white smoke of chloride of antimony. In its rela- 
tions to the principal acids, antimony resembles tin. 
Its solutions are colorless. 

What are the ^^'^' UsES OF ANTIMONY. The principal 

princij^ ute» use of antimony is in the preparation of 
^fatuimonyr ^^y^^ ^^ jj^ hereafter described. Among 
these, type metal is the most important. Many of the 
compounds of antimony, like other poisonous sub- 
stances, axe used with advantage in medicine. Tartar 
emetic is one of these medicinal compounds contain* 
ing antimony. 
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CLASS SIXTH, 

BISMUTH. . 

BUmtihr^^de-^ 628. DESCRIPTION. — ^Bisiuuth IS a brittle, 
tcripHon, sol- crystalline metal, of a reddish white coloi. 
eurrence in It IS used in making certain alloys. Lake 
^^^^^^ antimony, it can be readily ground to pow- 

der. Crystals of bismuth may be obtained by 
the method described in the section on sulphur, 
as represented in the figure. Nitric acid is its 
proper solvent, and forms with it a colorless solution. 
Bismuth is found native, forming threads of metal in 
quartz rock. Its most productive localities are in 
Saxony. 

629. Production. — The metal is pro- 
muthprodu- cured from the rock which contains it, by 
*^' simple heating, in inclined tubes. At a 
comparatively moderate temperature the bismuth fuses 
and runs down into vessels placed to receive it. 

630. Effect of heat and air. — The 
action before Same experiments before the blow-pipe, 
the blow-pipe f ^^^ ^j^j^ molten globules, which were 

described in the case of antimony, 
may be made with bismuth. The 
only difference is, that the metal does 
not burn with flame, and that the coat- 
ing of oxide on the charcoal is yellow, instead of white. 

631. Uses op bismuth. — Its principal 

What are the . . , .. /. ,, ^ i_ 

MM ofbi$- use is in the preparation of alloys, to be 
"*^*' described hereafter. One of them has the 
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remarkable property of fusing in boiling water. Seve- 
ral compounds of bismuth are used in medicine ; the 
sub-nitrate, is also employed as a cosmetic. This 
use of it is quite hazardous, as certain gases which are 
often present i»^ the air, have the effect, as will be here- 
after seen, of changing its color to a deep brown or black. 

COPPER. 

__^ 632. Description. — Copper is a red, 

•eription, malleable, and highly tenacious metal. It 
oret^Molvenuf tar^ishes in the air, but is less injured by 
rust than iron, and therefore more durable. Nitric acid 
is its proper solvent, and forms with it a green solution. 
Copper is found in abundance, in the metallic condi- 
tion, on the southern shore of Lake Superior. It is 
chiseled out, in masses, from the rocks which contadn 
it. The metal is more commonly obtained from a 
mineral, called copper pyrites^ which is a double sul- 
phuret of iron and copper. It is also found as pure 
sulphuret, red oxide, and carbonate. Minute traces of 
copper are found in human blood. 

633. Production. — Copper is prepared 

State briefiy . , 

the mode of from the impure 

production, sulphuret, by 

first burning out the sulphur, 

iu the air; and secondly, 

heating with charcoal, to 

remove the oxygen which 

has taken its place. Sand 

is at the same time added, to form a floating slag with 

the oxide of iron, and thus remove it from the molten 

copper. 
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The oxide of iron thus removed, is derived from the 
sulphuret of iron, which is a usual constituent of cop- 
per ores. 

State fuHher ^^^ ^^^ ^^ ^^^ *^^^^ prOCCSSeS of 

particular* of roastiug and heating with charcoal, and 
process. gand, must be several times repeated 
before pure metallic copper is obtained. It is to be 
remarked that the formation of a slag, which shall 
remove this iron, depends on the fact that its oxide is 
by no means so easily reduced as copper. Being once 
brought into the state of oxide, it remains in this con- 
dition and unites with the silicic acid of the sand. 
wTutf . , 635. Action of heat and air. — Copper 

efeet of heat is readily oxidized in the air, at a high 
andatrf temperature. Its oxidation may be oh- 

served, by holding a copper coin in the flame of a spirit 
lamp, as described in the section on Flame. The iri- 
descent hues observed in the experiment, are owing to 
the varying depth of oxide on different portions of 
the coin. By long continuation of the process, the 
whole surface is converted into black oxide. If it be 
sooner suspended, and the coin plunged into cold 
water, a coating of red oxide containing less oxygen 
is obtained. 

636. Uses of copper. — Copper is used 
of the uses of for a variety of purposes, for which iron 
copper. would be less suitable, on account of its 

rapid oxidation. Its employment in sheathing ships, is 
an example. It is also a constituent of various alloys, 
to be hereafter described. Among these, all gold and 
silver coins, and the metal of gold and silver plate, are 
included. 
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637. Description. — Lead is a bluish 
9eriptx<m»ore$ grey metal, extremely malleable, and read- 
and9olvenUf jjy tarnished in the air. It is heavier than 
any other of the metals mentioned in this work, except 
mercury, gold, and platinum. Nitric acid is its proper 
solvent, forming with it, a colorless solution. The 
principal ore of this metal, is galena, or sulphuret of 
lead. Lead is also found as carbonate, sulphate, and 
phosphate of lead. 

Hov> Ulead 638. PRODUCTION. — ^Lcad is obtained 

obtained t ftom the sulphuret, by heating it with 
iron, to remove the sulphur. A mixture of metallic 
lead and sulphuret of iron are 
thus produced, from which 
the lead separates by its 
greater specific gravity. If 
the oxide of lead could be 
readily obtained, the reduc- 
tion by charcoal would be 
as applicable here, as in the case of other metals. 

639. A SECOND METHOD. — Ajiothef 
method, is to heat the sulphuret with a 
portion of sulphate. The sulphate has a large supply 
of oxygen, while the sulphuret is destitute of this ele- 
ment. The two may be mixed in such proportions 
that they will together contain just enough oxygen to 
carry off all the sulphur, as sulphurous acid. This 
result having been accomplished by heat, the pure 
metal of both remains behind. As a preparation for 




Explain, an- 
cifur method. 
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this process, a portion of sulphuret is converted into 
sulphate, by heating in a reverbaratory furnace. Both 
parts of the process are in practice united ; a moderate 
heat with abundant air being first supplied, a portion 
of sulphate is produced. This is afterwards more 
liighly heated, with the undecomposed sulphuret which 
remains. 

640. Action of air and hsat. — ^If 
tpAm iead*u 1®^ ^ heated before the blow-pipe, in the 
haated before oxidiziug flame, it melts and disappears. 

the hlouhptpe f , , , 

The charcoal support becomes at the same 
time covered with yellow oxide of 
lead or litharge. The grey coating 
which at first forms upon the lead, is 
an oxide containing less oxgen. If, 
on the other hand, litharge is heated in the reducing 
flame, it is converted into metal. 

641. Action or Watbiu — ^Water, with 
aeiion of water the help of the air which it always con* 
^ ^^^^ tains, acts sensibly upon lead and becomes 

in consequence poisonous. This action of water is 
most decided when it contains no foreign matter. On 
being conducted through leaden pipes it becomes 
therefore more impure as a consequence of its very 
purity. 

Whatprevents 642. The presence of sulphates and cer- 
thiiaetionf ^in other salts, such as are usually con- 
tained in spring water, prevents this effect. Those sub- 
stances, whose presence in water we are accustomed 
to regret as impurities, thus become our most efficient 
protectoiB against the poisonous effects of lead. 
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643. Bat this rule is not without ex- 

Do impuriHei . . x-- . • , 

clwayMprth ception. Certain substances seem to in- 
**^ crease the action. It is therefore always 

prudent where it is proposed to conduct water through 
leaden pipes, to ascertain by direct experiment, whether 
the particular water in question acts upon the lead or 
not. 

644. Illustration. — The diflference in 
expenmeni the action of pure water upon lead, and 
^audxMAer ^^^^ which contains foreign substances in 

solution, may be readily proved by exper- 
iment. For this purpose, bright slips of lead may be 
placed in two tumblers, the one containing rain water, 
and the other well or spring water. The former will 
soon become turbid while the latter remains unaffected. 
^ . 645. The presence of lead in the former 

H<nB may the , -i, -i • i i 

pre9eneeof case may be still more strikingly shown, 
W^6« better ^y adding to the water a few drops of a 
solution of hydrosulpluric acid. The for- 
mation of a dark cloud will show the presence of lead, 
and indicate the danger to be apprehended. 

.^ , 646. Lead Tree. — ^Dissolve some cry»- 

Detenbe the , ^ ^ i i • , . *• 

lead tree and tals of sugar of lead, m thirty or forty 

Uspr^tiL ^^^®^ ^^®^' ^^^^ ^^ ^^^®^' ^°^ ^^ ^ ^^ 

with the solution. A strip of zinc, hung 
in the vial, will branch out in a beautiful ar- 
borescence of metallic lead. It may be neces- 
sary to clarify the solution by the addition of 
a little clear vinegar or acetic acid. A day or 
two will be required for the completion of 
the experiment. The effect depends on the 
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fCtpbrior affinities of zinc for acetic acid. The zinc 
takes away acid and oxygen from successive jxHrtions 
of the sugar of lead, and leaves the particles of lead 
subject to the laws of crystallization. At the same 
time, the zinc having acquired possession of the acid 
and oxygen, comes into solution as acetate of zinc. A 
similar arborescence is produced in a solution of silver 
by metallic mercury. 

Howarenhot ^47. MANUFACTURE OF ShOT. Shot aie 

''*«^^ prepared by pouring melted lead through 

perforated iron vessels. The drops are made to fall 
from a great height that they may become cooled and 
solidified in their descent. They are caught in water 
that their shape may not be impaired. Having been 
assorted by means of seives, they are polished in 
revolving casks, containing a small portion of black lead 
or plumbago. 

MetUiofi other ^^8. OtHER USES OF LEAD. — lu the 

¥$69 of lead, form of sheet lead this metal is applied 
to a variety of familiar uses. It is also largely em- 
ployed in the manufacture of lead tubing. It is a 
constituent of various alloys, among which pewter 
and type metal are the more important. 

CLASS SEVENTH. 

MERCURY. 

649. Description. — Mercury is a white 

teHpti^T^i- fluid metal of high lustre and beauty. It 

J?^^*» retains the fluid condition at all ordinary 

temperatures, and is only rendered solid by 
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extreme cold. Nitric acid is its proper solvent. Mer? 
cury is sometimes found in the metallic form, but more 
commonly as the sulphuret or cinnabar^ which is its 
principal ore. It is said that the mines in Mexico were 
accidentally discovered by a native hunting among the 
mountains. Laying hold of a shrub to assist him in 
his ascent, he tore it up by the roots, and a stream of 
what he supposed to be liquid silver flowed from the 
broken ground. 

Bowumer- ^50. PRODUCTION. — Mcrcury is prepared 

eury obtained f from the sulphuret, by simple roasting in a 
current of heated air. This metal yields its sulphur so 
readily to the oxygen of the air that no other agent is 
essential in its production. The mercurial vapors pass 
along with the gas, into tubes or chambers where the 
temperature is lower, and are there condensed to the 
liquid form. 

Mention, other 651. Mcrcury may also be produced from 
methodi. jj^g sulphuret by the employment of iron 

filings to remove the sulphur, as in the case of lead. 
3umed lime may also be used. Its calcium combines 
with the sulphur and uses its own oxygen for the 
partial conversion of the sulphuret thus formed into 
sulphate of lime. 
,^ . ^ 652. Action op heat and air. — Mercury, 

What t< the 

action of heat like water, may be boiled away and con- 
mffi'^ry^ verted into vapor, by the application of 
heat. At 39° below zero it freezes. It is 
always to be borne in mind in experiments with this 
metal and its compounds, that its fumes as well as its 
salts, are extremely poisonous. By free access of air and 



moderate heat, mercury may be gradaally converted into 
red oxide, but a higher temperature expels the oxygen 
thus absorbed, and the oxide is again converted into 
metal. This production of a metal from an oxide, by 
heat alone, is characteristic of the noble metals. They 
are loth to obscure their splendor in rust ; if it is forced 
open them, they need but little assistance of heat to 
throw it oS and re-assume their original beauty. 

663. Amaloams-^Glass Mirrors.-^ 
<BMigam»f Mcrcury combines with many metals form- 
f^Zl^edf ^"8 compounds which are called amalgams. 

When the mercury is in large proportion 
they are fluid. Gold, silver, and lead, for example, 
may be dissolved in mercury. This solvent power of 
mercury is usefully applied in extracting gold from the 
rocks which contain it. The beautiful silvering of 
mirrors consist of an alloy of tin and mercury. Tin 
foil is applied to the glass, and being afterward drenched 
with mercury, the excess is removed by pressure. The 
tin has thus absorbed about one*fourth of its own 
weight of mercury. 

654. A copper coin may be similarly 
e^perwinbe silvcrcd, by nibbing with metallic mer- 
f^aWj «/- ^^j.y^ Qj keeping it well moistened for some 

time with a solution of mercury in nitric 
acid. If the solution is quite acid, it must first be 
nearly neutralized by ammonia. The coin is to be af- 
terward polished. The chemical action which takes 
place in this case is similar to that explained in the 
case of the lead tree. By drawing a line across a thin 
brass plate, with a pen dipped in solution of mercury, 
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the plate will be so weakened that it may afterward 
be readily broken. 

666. Other uses op mercurt. — ^The 
M^uwn 9ome compounds of mercury are extensively 
mercury, used in medicine. XJorrosive sublimate, a 

poisonous chloride of mercury, is employed 
for the destruction of vermin. It is also used in what 
is called the kffanizing process, to impregnate wood 
and other vegetable and animal substance, and thus 
prevent their decay. Another important use of mer- 
cury is found in the manufacture of barometers and 
thermometers. It is especially adapted to the measure- 
ment of heat, by its fluidity at low temperatures, and 
its ready and equable expansion. 
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^., _ 666. Description. — ^Silver is a lustrous 

icrivHon, ore* white metal of perfect ductility and malle- 
andtolvtnuf ability. Its loss of lustre on exposure, is 
owing to the presence of a small proportion of sulphur- 
etted hydrogen in the air. Nitric acid is its proper sol- 
vent, though for certain purposes oil of vitriol is pre- 
ferred. Silver is often found native, but more fre- 
quently combined with sulphur as silver glance. 
Galena or sulphuret of lead always contains it in small 
proportion, and sometimes to the amount of one or 
two per cent. 

ffawisHhef 667. PRODUCTION. — Silver is prepared 

obtained f fy^^a the sulphuret, by first roasting the ore 
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With common salt, in order to convert it into chloride. 
Iron is subsequently employed to remove the chlorine, 
and isolate the metallic silver. 

Give the com- 658. Morcury is added with the iron, in 
pUteproceu, order that it may dissolve the silver from 
the mass of roasted ore and iron, as fast as it is formed* 
The materials are agitated with water for many hours 
together. At the end of the process the mercury, with 
its load of silver, is drawn off from the bottom of the 
cask. The solution of silver in mercury is afterward 
filtered through buckskin or closely woven cloth, which 
allows a large part of the liquid metal to pass, while 
the silver with a small portion of mercury is detained. 
The silver is then freed of its reniaining mercury by 
heat. The above process is called amalgafftation. 
T, .1 .M. 659. Silver obtained from lead. — 

jMicribe the 

jfroeestfor Almost all lead, as produced from galena 
^frcmUad. ^"^^ ^^^ Other ores, contains a certain pro*" 
portion of silver. The latter metal may 
be freed from a large part of the lead by melting the 
alloy and then allowing it to cool slowly. Most of 
the lead solidifies in small crystals, and may be skim- 
med out with an iron cullender. An alloy containing 
silver in large proportion reinains in the liquid condi- 
tion. It is afterwards solidified by further cooling. 
The above is called Pattinson's process. 

660. CopELLATioN. — The remainder of 
How u the re- i^^ jg separated from the silver by con- 

matmng lead ^ . , . ^ . j 

teparatedf verting it mto oxide, in a current of heated 

air. The silver does not oxidize under 

these circumstances, but retains the metallic form* 



Tho mass of metal grows smaller as the process pro- 
ceeds, till finally pure silver remains. The moment 
of its production is indicated by a beautiful play of 
colors and a sudden brightening of the metal. The 
above process is carried on upon a hollowed and com- 
pacted mass of bone-ash, callell a cupel. The object of 
the cupel is not alone to support the metal, but to ab- 
sorb the hot and fused oxide of lead as fast as it is 
formed. If a little copper is present, it is also absorbed 
with the lead. The process is called cupellation. 
„ 66t. It may be illustrated on a small 

How may <Ac _ , , . ... 

proeeMbeii- scale, by makmg an excavation m a piece 
lustratedf ^£ charcoal, and pressing into it a lining 
of well burned and moistened bone 
ash. A globule of lead, to which a little 
silver has been added, is to be heated, 
on the support, in the oxidizing flame. 
For separating a small quantity of lead from silver, 
the bone ash is not essential. The process may be 
conducted before the blowpipe, upon the naked char- 
coal. A small portion of silver may often be obtained 
from the lead of commerce by this means. 
WTiatissaid ^^^' SiLVER COIN. — The Standard sil- 
o/aUvercoinsf ver of the United States is an alloy con- 
taining ten per cent, of copper. Silver plate should 
have the same composition. The object of alloying 
with copper, is to impart greater hardness to the metal, 
and secure against the gradual loss from attrition, which 
would otherwise occur. Spanish silver often contains 
a small proportion of gold. The gold is left as a black 
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powd^, in dissolving such coins in nitric acid. Its 
color and lustre may be brought out by rubbing. 

663. The Silver assay. — Assayins' is 

What is as- . i. i_. » t - i, 

mying, and ^"® process by which the proportion of met- 

^y ««»Ma- gjs in an alloy is ascertained. In all estab- 
Ty f '' 

lishments where money is coined j assaying 

is an important part of the work of the establishment. 
The precious metals, as received at the mint, commonly 
contain a certain proportion of other metals. But it 
may be too much or too little. It is the business of the 
assayer to ascertain its precise composition, that the 
metal may be rendered purer, if necessary, or be fur- 
ther alloyed, if found purer than the standard. 
h h h ®^^ ^ * preparation for the silver as- 

^oce99 of 09- say, a sample, containing an ounce, or other 
Myinff. definite weight of the impure metal, is dis- 

solved in nitric acid. The dissolved silver has the pro- 
perty of becoming solid again, and sinking 
to the bottom of the clear solution as a white 
curd, just in proportion as common salt is fur- 
nished to it. But the other metals which 
may be present, as impurities, have no such 
effect. It follows, that the amount of silver 
present, is just in proportion to the amount of 
salt it is necessary to supply, before the pre- 
cipitation, or formation of the curd, ceases. Now, the 
assayer knows beforehand, how much salt he must 
supply to the solution of an ounce of metal, if it be all 
silver. If he finds that an ounce of the sample, re- 
quires to be supplied with the same quantity, before the; 
jMrecipitation ceases, he knows that the metal is all silver ^ 

1? 
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if but half as much is required, he knows that it is 
but half silver. Having ascertained the true proportion,, 
the assay is completed. The salt required in the pro- 
cess is employed in the form of a solution, and the 
quantity used is known by pouring it from a graduated 
vessel. 
_ , . _ 666. Explanation. — ^The curd, which 

Explain the ^ • i -i • • i i « 

ehenUetUac' lorms m the above process, is msoluble 
ab^^prweu. cbloride of silver, formed from the silver of 
the solution, and the chlorine of the salt. 
The nitric acid and oxygen, which were combined 
with the silver, at the same time unite with the sodium, 
forming nitrate of soda, which remains in solution. 

666. Silver separated from copper, 
nuthodofex- Copper, obtained from certain ores, con- 
jroci^tn^ ither ^g^^ gQ much silvcr as to make their separa- 
tion an ol^ject of importance. The method 
pursued is, to fuse the copper with lead. As the lead 
flows out again by subsequent fusion, it brings with it 
all the silver, and the copper remains behind as a spongy 
mass. This process is called liquation. The silver is 
then freed from lead by the process of cupellation al- 
ready described. 

MtrUionsfme 667. IFsES OF SILVER. — ^Most USCS of 

wei of diver, silver are so familiar that they need not be 
here mentioned. Its employment for daguerreotype 
plates depends on the fact that the color of many of 
its compounds is readily changed by light. This sub- 
ject is more fully considered in the section on chlo- 
rides. The nitrate of silver, or lunar caustic, is used 
in surgical operations, to burn or cauterize the flesh. 



In solution, it is also employed as a hair dye, and in 
the production of indelible ink. 

GOLD. 

Mention wme 668. DESCRIPTION. — Gold is a yellow 
jy*j;'^/^ metal of brilliant and permanent lustre. 
vent'f and Its extreme malleability is strikingly illus- 
oceurrence trated by the fact that it may be hammered 
into a leaf but little more than 37^^^.777 ^^ an inch in 
thickness. As the fact may be otherwise stated, a cube 
of gold, five inches on a side, could be so extended as 
to cover more than an acre of ground. Such gold leaf 
is permeable to hydrogen. A jet of this gas may be 
blown through it and kindled on the opposite side. 
Gold is proof against all ordinary acids, excepting o^tia- 
regia. It is found only in the metallic state, and com-» 
monly either in quartz rock or in the sands of rivers. 
Native gold contains from five to fifteen per cent, of 
silver. 

ff<no M pure ^^^' PRODUCTION. The REFINING PRO- 

gMproducedi ^Ess. — Native gold may be freed from the 
silver which it contains, by the agency of concentrated 
sulphuric, or nitric acid. A difficulty in accomplishing 
this result arises from the fact that every particle of silver 
is so perfectly surrounded by gold, that the acid does 
not readily reach it. This difficulty is overcome by 
fusing more silver into the gold, and thus opening a 
passage for the solvent. This beings done, both the 
original silver and that which has been added, are read- 
ily removed. The above is the process at present pur- 
sued in France for refining gold. 
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Detenbeari' 670. ANOTHER MetHOD. ^The SeCOUd 

ether meth4)d. method is essentially the same as that al- 
ready described, with the substitution of nitric for sul- 
phuric acid. The addition of silver, as a preliminary 
step, is found necessary in this process also. So much 
silver is added, that the gold forms but a quarter of the 
mass exposed to the action of the acid. The method 
* is hence called quartcUian. ^ The process involves a 
previous knowledge of the approximate composition 
of the mixed metal. This may be obtained by the 
Umclistone^ as hereafter described. 

What itamal' ^'^l' AMALGAMATION. — Oold may be ob- 

ftmatUmi tained from any material which contains 
it, even in small proportion, by the process of amalgor 
motion. This process consists in agitating the finely 
divided material with mercury, until the latter has ex- 
tracted all of the precious metal. It is then obtained 
from its solution in mercury, by the same means em- 
ployed in the case of silver. This method is employed 
in the case of the gold-bearing quartz of California. 
The dust of jewelers shops is similarly treated, in order 
to save the small proportions of gold which it contains* 
672. Gold from lead and copper. — 
teparated Certain ores of lead and copper contain so 
from Undand jj^^^jj g^^^ ^y^^^ j|. jg profitable to extract it 

from the metal which they yield. This 
IS done by the processes of liqtLation and cupellatian be- 
fore described. 



• In tfa« practice of the United States Mint, the addition of lest 
Bilver has been found sufficient The proportion of gold is there 
reduced to one-third. Nitric acid is then employed in the refining 
prooesa 
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673. Gold from sulpburets or iron, 
obTainJ^rmH &c. — Sulphuiets of iron, copper, &c., 
Tttrt?*^ sometimes contain gold, in small quantity, 
and 80 completely disseminated that it can- 
not be readily extracted by mercury. It has been found 
advantageous to heat such ores with nitrate of soda, 
previous to amalgamation. The sulphurets are thus 
partially converted into sulphates, which can be washed 
out. What remains of the pulverized material is at 
the same time thoroughly opened to the action of mer- 
cury. 

Describe the 674. ThE GOLD ASSAY. Gold tO be aS- 

methodof as- gayed cQUtains commonly, only silver and 

taytng ffoldf ^ i. 

Why is itilver copper, as impurities. By fusing the sam- 
pie with lead, and then removing this 
metal by cupeUation, it carries with it the copper, into 
the cupel. A glpbule, containing only gold and silver, 
remains. The silver is then dissolved out by nitric 
acid^ The remaining sponge of pure gold being 
weighed, and its weight compared with that of the orig- 
inal sample, the assay is completed. More silver is 
added in the process, for reasons stated in a previous 
paragraph. 

WhaiUihe 675. AsSAY OF GOLD BY THE TOUCH- 

umehstoneF sTONE. — ^Auy hard and somewhat gritty 
used in assay- stouc, of a dark color, which is not acted 
^^9 90 ' Qij \^Y acids answers the purpose of a touch- 
stme. The assay consists in marking upon the stone 
with the alloy, and judging of the purity of the metal 
from the color of the mark, and the degree in which 
it is affected by an acid. Nitric acid, to which a very 
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small quantity of muriatic acid has been added, is em- 
ployed in this test. Gold alone is proof against its 
action. In proportion to the permanence of the mark, 
is the purity of the gold which has been submitted to 
the assay. 

What w taid 676. GoLD GoiN. — ^The gold employed 
of gold coin / fo,. ^^^^^ ^^q^^ ^^^ jewelry is always alloyed 
with a certain portion of copper or silver^ to give it 
greater hardness. The standard gold of the United 
States is nine-tenths pure gold, the remaining tenth 
being an alloy of copper and silver. 

677. PuMTT OF GOLD. — The purity of 

How is the de- ... , . . .- 

grt€ of puHiy gold IS expressed m careUs, a carat signify- 
frff^r "*8j practically, one twenty-fourth. Thus, 
when gold is said to be sixteen carats fine, 
it is meant, that two-thirds of it is pure gold. Gold 
eighteen carats fine is three-fourths pure gold, and one- 
fourth alloy. 
„ . 678. Gilding. — Gilding by the galvanic 

Hoto 18 copper o ^ o 

jewlrygm- battery has been already described. This 
^ method is, in most cases, preferable to all 

others. Copper jewelry is thinly gilded by boiling in 
a solution of gold in carbonate of soda or potash. The 
solution is prepared by first dissolving the gold in aqua 
regia, and afterward precipitating and re-dissolving it, 
by means of the carbonate above named. 

679. Gilding may also be eiOFected by an 
method of gild- amalgam of gold and mercury. The amal- 
amat^am!^ gam being applied, the mercury is expelled 
by heat and the gold remains. This me- 
thod is very frequently employed. A coating of pure 
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gold is produced upon articles of jewelry, made of im- 
pure metal, by first heating them, and then dissolving 
out the copper by means of nitric acid. 

PLATIinJM. 

^, . 680. Description. — ^Platinum is the 

Dueripium, last of the noble metals. It resembles 
J^^^^*' steel in color, and possesses a high degree 

of malleability. It is the heaviest and the 
most infusible of all metals. At a white heat it may 
be welded, like iron. Like gold, it resists the action 
of any single acid, but may be dissolved in aqiut-regia. 
It is commonly found, like gold, in small flattened 
grains, in the sand of certain rivers. Its pecuniary 
value is about half that of the more precious metal. 
,, . 681. Platinum condenses gases. — The 

markableef^ metal platinum has the remarkable pro- 
nwrn^^j^i- perty of condensing gases upon its surface, 

and thereby increasing their affinities. 
This effect is in proportion to the surface 
exposed. It may be prepared for this experi-' 
ment by burning paper, previously moistened 
with a solution of this metal. Such an ash, 
by simple exposure to the air, condenses and 
retains a large quantity of oxygen within its 
pores. On holding it in a jet of hydrogen, 
the condensed oxygen immediately unites with the 
latter gas so energetically as to inflame it. 

682. Platinum is employed for similar 

Give another . , i- /. j 

uiwirationof purposes, lu the foHU 01 a sponge, and as a 
ihu effect powder, called |}iz«»Mm fttocA. A mixture 




B78 MKTALS* 

of nitric oxide and hydrogen, passed through a tube con^ 
taining heated platinum black, issues from the tube as 
ammonia and water. The hydrogen has entered into 
combination with both of the elements of the nitric 
oxide, producing two new compounds. 

»rAy Uplati' 683. OtHER uses OF PLATINUM. The 

JJI'^ "V**^ most important use to which platinum is 
f&r cke.:^ieal applied in the arts, is in the manufacture 
apparaiusf ^f chemical apparatus. Its extreme in- 
fusibility and resistance to acids, adapt it especially to 
this purpose. In the manufacture of oil of vitriol, for 
example, no other material excepting gold could well 
take the place of the platinum vessels, in which con- 
centration is ejQfected. Platinum crucibles are also in- 
valuable, as they may be exposed to the fire of a blast 
furnace without injury. Nothing less than the most 
intense heat of the oxyhydrogen blow-pipe, or galvanic 
battery, is sufficient to fuse this metal. 

AIXOYS. 
,^ . . 684. The compounds of metals with 

What u an , „ , ,, r«^. /. «i . 

aUoyf Give metals are called alloys. The folio wmg 
utn^^h^i ^® among the more important. 
and other al' Brass is coppcr, lightened in color by 
^* the addition of one-fourth its weight of 

zinc. 

German silver is a kind of brass, still further whitened 
by nickel. Its exact composition has been given in 
another place. An alloy of 30 parts silver, 26 of nickel, 
and 55 of copper forms a nearly perfect substitute for 
silver for all ornamental purposes. 
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Bronze is copper, containing ten per cent, of tin. 
Bell metal is a kind of bronze, containing tin in larger 
proportion. 

Pewter is an alloy. of tin with Tfiriable proportions 
of antimony or lead. Britannia ware, so called, is a 
sort of pewter. 

Tyi)e metal is an alloy of lead, containing twenty- 
five per cent, of copper. By the use of tin, instead of 
lead, a better, but more expensive type metal may be 
produced. Zinc, with a few per cent, of copper, lead, 
and tin, has also been recently employed. 

Fine and coarse solders are alloys of tin and lead 
the former being two-thirds, and the latter one-fourth^ 
tin. Hard solder is a variety of brass. 

Newton's fusible metal, which has the remarkable 
property of melting in boiling water, is composed of 
8 parts of bismuth, 6 of lead, and 3 of tin. 

Many of the above alloys are slightly varied in 
their character by the addition of other metals in small 
quantity. 
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CHAPTER m- 

SALTS. 
SOLUnOK Ain> CBYBTALUZATIOir. 

wtuueom- ®®^* DEFINITION.— Under the general 

poimif ar^ head of salts, are included all compounds 
of acids and bases, and beside these, the 
compounds of chlorine, bromine, iodine, sulphur, d&c. 
with the metals. Sulphate of soda, or blue vitriol, is 
an example of the first class, and chloride of sodium, 
a common salt, of the latter. 

686. Pbeparation of salts. — ^The salts 

Mention tome ^ . _ , i , , . 

methockofpre- of most acids may be produced, by sun- 
paHngtaiuf ply bringing the acid and oxide together. 
Sulphate of potassa is thus produced, from sulphuric 
acid and potassa. Heat is sometimes required, to bring 
about the combination. They may also be prepared 
from the carbonates. Thus acetate of lime, is pro- 
duced by pouring strong vinegar on chalk, or carbo- 
nate of lime. Carbonic acid is, in such cases, expelled 
by the stronger acid which is employed. Other meth- 
ods of preparing individual salts, will be hereafter 
given. 

Explain tolu- 687. SOLUTION. — The particlcs of all 
***"• bodies are held together, as before ex- 

plained, by the attraction of cohesion. But water has 
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also an attraction for these particles. la the case of 
many substances, it overcomes the force of cohesion 
and distributes them throughout its own volume. 
Such a distribution, in which the solid form of the 
solid is entirely lost, is called solution. Different 
liquids are employed, as solvents for different sub- 
stances. A solution is said to be saturated when no 
more of the solid will dissolve in it. 

688. Precipitation. — In solution, the 

Saw the pcLf* 

tieUi last their particles of bodies hare not lost their 
^t^Uo^Thow property of cohesive attraction. It is only 
MAjf they be overcome by a superior force. As soon as 

preeiptt€Ued f . . , , , . ^ 

this is weakened, they unite agam to form 
a solid. The solvent power of alcohol for camphor, is 
thus diminished when water is added to the solution. 
As a consequence, the camphor immediately re- 
assumes the solid form. When a solid is thus 
re-produced as a liquid, it is called a precipit" 
ate. The above experiment is made, by ad- 
ding water to an ordinary solution of camphor. 

689. One case of precipitation is men-* 
g^a^m^h- tionod in the preceding paragraph. But it 
oitofpredp' j^ay be effected by various methods. All 

ttatton f ^ ^ 

of these may be arranged under two heads ; 
precipitation by changing the character or quahtitt/ of 
the solvent, and precipitation by changing the st<&-> 
Stance dissolved. 

Mention three 690. Ghange OF SOLVENT. — The three 
taaeMofpre- cases in which precipitation is effected by 

apttatum by ^_ i 

change of tol- changes in the solvent, are, mixing, cooling, 
•"***' and evaporation. The first has just been 
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described. The second is illustrated in the {ffoductioti 
of alum crystals, by cooling a hot solution. The third 
consists in dissolving a solid in some liquid, and then 
boiling away the latter. The experiment may be tried 
with a saturated solution of salt and water. As fast as 
the water is boiled away, the portion which has lost its 
solvent, re-assumes the solid form. 

691. Change or substance dissolved. 
mteBby The change in the substance dissolved, is 
^av^^^^^ eflfected, in some cases, by addition, and in 

others by subtraction. Carbonic acid, 
blown through lime water, precipitates it, by addition. 
The precipitate is chalk, or carbonate of lime. Pot- 
ash, added to a solution of sulphate of copper, precip-. 
itates it by subtraction ; the precipitate is oxide of 
copper, deprived of its acid by the potash. 

692. Explanation. — The above cases 

State the cause . . . . , , ^ , 

o/preeipita- of precipitation, demand some further ex- 
^SoveZaaes, planation. As fast as carbonic acid is blown 
into the lime water, in the fibrst case, the 
uew substance, chalk, or carbonate of lime, is produced 
throughout the liquid. We may suppose that, innume- 
rable particles are first formed, before they unite to 
form a precipitate. But the cohesive attraction put 
forth by the particles of this new compound is so great 
that the opposing attraction of the water is overcome,^ 
they rush together, and assume the solid form of a pre- 
cipitate. This did not happen in the case of lime alone, 
because the cohesive attraction between its particles is 
inferior to the opposing attraction of the water. The 
second case is to be similarly explained. . 



C0HI18I0N. S7T 

*««- . .' .J 693. Relation of cohesion and affin- 
o/thereuuian iTY. — The chemical affinity of potassa for 
tid^^y f ca^toi^i^ acid, is evidently greater than that 
of lime. The former base retains the acid 
so firmly, that no degree of heat can effect it, while 
the latter gives up its acid with readiness, under the 
influence of a high temperature. Notwithstanding the 
superior afiinity of potassa, lime will take from it, its 
carbonic acid, if added to a solution of carbonate of 
potassa, in water. The mixture being made, the par- 
ticles in this and in all similar cases, tend to re-arrange 
themselves in the solid form. . They seem to do this 
without reference to their chemical affinities, in such a 
manner as best to resist the solvent action of the water, 
or other liquid. Carbonate of lime resists such action 
better than carbonate of potassa. The former is there- 
fore produced. The cohesion of carbonate of lime, 
using the term, in the sense of capacity to resist the 
separating power of water, has therefore determined 
the production of this substance, in opposition to or* 
dinary chemical affinities. 

694. The above case illustrates a gene- 

state and il' , . ^ , , . , , 

lutiratethe ral law. Two substaucos, which when 
general law F mij^ed form an insoluble compound, gen 
erally unite and produce it, when they meet in so 
lution. To illustrate by another example: phos- 
phate of lime, or bone ash, is insoluble. Ther 
we may be sure that phosphoric acid and lime, if 
brought together by mixing two . solutions, will de- 
sert any substances with which they were befoi:». 
combined, and unite to form insoluble phosphate of. 

12* 



278 »AL»s. 

lime. This rale is not without exceptions, hut it 
enables the chemist to determine beforehand innume- 
rable cases of precipitation. 

695. Solution and chemical combina- 
Hon digger TioN. — SoiUtiou diifers from chemical com- 
^htncS^f ^i^*^^^^ i^ ^^^ varying proportions in 
which it occurs according to tempera- 
ture, and in the absence of any change of chemical 
properties. Nitre, for example, dissolves in water, at 
lOO'^, in nearly double the quantity which will dis- 
solve at 70^. At the same time, it forms a solution to 
which it has imparted its own chemical properties 
unchanged. 

696. Another important distinction is. 

Btate another ^ _ . - - ,, . i. ,-.. ., , 

importani found HI the followmg fact. While chem- 
dttttnettoTL ^^jj combination is most active between 
bodies whose properties are most opposed, such as fat 
and resins, solution occurs most readily in the case 
of similar substances. The metals dissolve in mer- 
cury. Salts dissolve in water. Fats and resins dissolve 
in alcohol and ether, which, like themselves, contain 
much hydrogen. 

,^ . . , 697. Crystallization. — ^In passing from 
0/ erystaUine the liquid to the solid condition, the par- 
arrangenMtuf ^-^j^^ ^£ ^^^^ bodies assume a crystalline 

arrangement. Their mutual attraction is more than 
% mere force which draws and binds them together. 
It groups them in regular forms. The crystals thus 
produced are often too small to be separately seen. But 
even where this is the case, the crystalline structure is 
readily observed. Surfaces of zinc, or cast iron, ex- 
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posed by recent fracture, are familiar examples. But 
where the circumstances are fay<»able for the forma- 
tion of individual and separate crystals, the most beau- 
tiful and symmetrical forms are often the result. 

698. Production of crtstaus. — ^Most 

How may 

eryntaUbe of the salts to be described in this chap* 
pro w€d9 ^^y jj^j^y ^ obtained, in the form of crys^ 
tals, by evaporating or cooling their saturated 
solutions. The method by cooling, has already 
been described, in the Chapter on Water. In 
obtaining crystals by evaporation, the solution 
is to be moderately heated, in a saucer or other 
vessel. The crystals formed by either method, 
commonly contain water, which becomes part of 
the solid crystal, and is called water of crystalliza- 
tion. 

699. Varbbtt op crtstals. — The forms 

Hmo may the 

variety of of loavcs and flowers are scarcely more va- 
h^rir^h^^' rious than those of crystals. The latter are, 
as it were, the flowers of the mineral world, 
as distinctly characterized in their peculiar beauty as 
the flowers that bloom in the air above them. Even 
where color fails, the eye of science distinguishes pe» 
cttliar features which often enable it to determine the 
nature of a substance, from the external crystalline form 
which it assumes. 

19 9 4 d 
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WhatUtaid '^* ^*^^"** ^^ CRTSTAiiS.i— Ab every 
if ihs variety flower has its own distinctive form of 

offormM in a . . , , 

AnffU nUh leaves and petals, so every substance has 
*'"**^' its own form or set of forms from which it 

never essentially varies. Among these, or its combi- 
nations, it is, as it were, left free to choose in every 
crystal which it builds. The mineral quartz, which 
caps its prismatic palace with a hexagonal pyramid, is 
an example. Its conmion form represented in Fig. 4, 
is a combination of the prism and double six-sided py- 
ramid, which commence the series. 
^ .^ 701. A form similar to the double six- 

J/eicribe Mome . - . • i • • i. 

form9 of a Sided pyramid, with faces corresponding to 
nngle §eL ^^ twelve Converging edges, belongs to the 
same set Double pyramids similar to each of these, but 
of one-half or one-third their relative height, or differing 
from them by some other simple ratio, also belong to 
the same s^t of forms. Fig. 3 represents a form com- 
posed of two of these pyramids. Fig. 5 represents 
another form in which one of them is modified by two 
faces of a prism. To all of these and certain other in- 
timaldy related forms, the imaginary privilege of se- 
lection and combination, above referred to, extends. 
But most substances, like quartz, as above described, 
affect isome particular shape or combination in which 
they usually appear. 

- 702. Modifications or crystals. — 

eationsofthe Whatever the form or combination may be, 

m^^^'f ^^ ^^ susceptible of variation, in any degree, 

so long as its angles correspond to those of 

the perfect shape. Thus the mineral quartz, in its 
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commonly occurring combination, is not restricted to a 
perfectly symmetrical shape, like that above presented^ 
It may develop one surface and diminish the others to 
any extent. Forms such as 
are represented in the margin 
result. Different as they seem, 
it will be observed that they 
agree precisely with the per- 
fect shape in the angles be- 
tween the surfaces of the prism and pyramid, and the 
different surfaces of each. In this their identity 
as crystalline forms consists. It would thus seem that 
nature pays exclusive attention to the corners and an- 
gles in her various systems of crystalline architecture. 
703. The least variation of the relative 
length of the vertical axis that is not by 
some simple ratio, constitutes a new and 
distinct form. This has its related forms as before, 
the whole making a new and distinct set, to which the 
choice of any substance that enters it, is limited. 

704. Systems op crystal forms. — It 

Define ano- 
ther eyetem of 



What coneti- 
tuies a new 
•etf 



eryttalline 
forme. 



will be obvious to the student that the sub- 
stitution of an octahedron, such as is re- 
presented in the accompanying figure, for 
the double six-sided pyramid, would be the 
starting point of an entirely distinct system of 
forms. Within its limits there might be in- 
numerable sets as before. It would be, as it 
were, the type o^ a new order of crystalline architec- 
ture, susceptiU ){ variations consistent with the ge- 
nera) styl^ 
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DefiM the 705. A third system is characterized by 

f^^th^ inequality in three principal dimensions. 
•ytunu. The axis or lines connecting the solid an- 

gles in the octahedron, and joining the faces in the 
prism, are all unequal. As each axes may be indefi- 
nitely varied in this system, there is room wthin its 
limits for still greater variety than before. The fourth 
system differs from the third in an oblique position of 
some one of the unequal axes. The student will 
readily imagine certain oblique forms which it in- 
cludes. The fifth system is characterized by an ob- 
lique position of three unequal axes.* 





What art the ^^^' '^^^ regular system, which is pro- 
eharaeterittiee perly the first, has all its axes equal, and all 
£^7^*'*" its angles right angles.f The figures 
which precede this paragraph, represent 
some of its simpler forms. Those which follow, are 
among its most interesting combinations. In the 
last, the student will be able to select thi;pe distinct 
kinds of surfaces. One of these sets, if enlarged to 
the exclusion of the others, would produce a cube, 

* The yariations of length and inclination of axis which correspond 
to the different sjatems, may be beautifully illustrated to the eye by a 
wooden frame work movable at the centre with threads connecting 
the arms. 

t The first and sixth systems are made to change placed in die above 
arrangement^ for the eonvenience of illustration, from the quarts cryataL 
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another a regular octahedron, and a third a dodecahe* 
dron ; forms corresponding to those of the preceding line. 




In view of its simplicity, the regular system may be 
regarded as a sort of primitive architecture, yielding, 
however, to no other system in the beauty of its forms. 
Under one or the other of these systems all forms of 
crystals are included. To each of them, with the ex- 
ception of the last, belong innumerable sets of forms 
according to the degree of inequality or inclination of 
the axes. Equality and rectangular position of the axes 
being characteristic of the firiSt system, it is not suscep- 
tible of the sort of variation which is essential to pro* 
duce different sets of figures. But in this, as in other 
systems, the modification of surfaces may occur to any 
extent. 

Shaw how the '^^'^' -^ ^^^ architect is able, from some 
formofaerys' relic of a broken column, to build up in 
fefredfrwrT' imagination the temple of which it formed 
iu anglcM, ^ part ; as the comparative anatomist knows 
how, from the fragment of a single bone to reconstruct 
in imagination the perfect animal which possessed it ; 
80, from the merest point of a crystal, its complete form 
may often be readily inferred. In proportion as a dou- 
ble pyramid is lengthened out, the angles above and 
below are rendered more acute. From an accurate 
admeasurement of this angle its whole shape may there- 
fore be inferred. Such admeasurement of various an- 
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gles is employed not alone as a means of inference of 
perfect from imperfect shapes, but as the simplest mean^ 
of accurate description. For, as before stated, it is the 
size of the corresponding angles of a crystal which 
form its characteristic. 

Have different 708. ISOMORPHISM. — Many substanccs 
mihstancetevef ^hich are alike in the number and arrange- 

ihe tameeryt' ^ . ® 

tallineformF meut of their atoms, although these atoms 
are different in kind, have the same crystalline form. 
This is the case with common alum, and other alums 
to be hereafter mentioned. The similar arrangement 
of atoms will be best seen by inspecting the formulas 
which represent them. These are given in the appendix. 
The term expresses their likeness in form. Besides 
this series there are many other isomorphous groups. 
Give the pro- 709. It is to be regarded as probable, 
babie reason, ^j^j^^ ^jjg shape and sizc of the molecules 
thus similarly composed, is exactly the same, and that 
it is for this reason that they may be used in building 
up crystals of the same form. The different alums will 
even unite when they crystallize, in building up one 
and the same crystal. Substances which are thus si- 
milar in composition, and crystallize in the same form, 
are called isomorphous. There are many cases of simi- 
lar crystalline form in substances which are not thus 
related in other respects. Such bodies are not called 
isomorphous, notwithstanding their identity of crys- 
talline form. Certain substances crystallize in forms 
belonging to two or even three diflferent systems, ac- 
cording to the temperature, or other circumstances 
under which their crystallization occurs. Such sub* 
stances are called dimorphous or trimorphous. 



OXIDES. '2d^ 



OXIDES. 

pefine an op- 710. The compounds of the metals with 
uLs^re^^- oxygen, with the exception of those which 
fermt oxides have decidedly acid properties, are called 
oxides. When a metal unites with oxy- 
gen in several different proportions, forming different 
oxides, these are distinguished as protoxide^ deutoxide 
or binoxide, tritoxidc or teroxide : terms signifying 
first, second, and third oxides. The highest oxide is 
also called peroxide. An oxide containing three atoms 
of oxygen to two atoms of metal, is called a sesquiox- 
ide. The names of chlorides, sulphurets, &c. are simi- 
larly modified, to indicate the proportion of chlorine, 
sulphur, &c. which they respectively contain. Com- 
pounds of non-metallic substances with oxygen which 
do not possess acid properties, are also called oxides. 
There are, for example, ojcides of nitrogen and phos- 
phorus. 

711. Properties of oxides. — The 
of add and lower oxides are generally strong bases, 
basic proper- ^hile the higher oxides exhibit basic or 

ties tn oxides f ° 

acid properties, according to circumstances. 
Binoxide of tin, for example, described in a previous 
chapter, acts as a base in combining with sulphuric 
acid to form a sulphate, while, if fused with potassa, it 
acts as an acid, and forms a stannate. On account of 
its acid property, the binoxide of tin is also called stan- 
nic acid. The name is derived from Stannum, which 
is the Latin word for Tin. 
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^ 712. Formation op oxides. — Oxides 

Sow a,t€ ox- 

ideifortMdf maybe formed directly by the union of 
C^ exam- oxygen and metal, or, indirectly, by sepa- 
rating them from some salts which con- 
tain them. Thus oxide of copper may be produced 
by simply heating copper in the air ; or, by precipita- 
tion from the nitrate, through the agency of potassa, 
or, thirdly, by simply heating the nitrate till all the 
acid is expelled. The oxides of tin and antimony are 
also directly produced, by the action of nitric acid on 
the metals. 

What is a ky- 713. HyDBATES, OR HYBRATED OXIDES. 

drated oxide f Qxides commouly combine in the act of 
precipitation with a certain proportion of water. The 
compound thus formed, are called hydrated oxides, or 
simply hydrates. The water may, in most cases, be 
separated from them by heat, and the uncombined 
oxide thus obtained. 
^„ . ., 714. Conversion op oxides. — ^When 

What f < satd , , . , 

of the conver- oxides are converted into chlorides, sul- 
*^^^f^ * phurets, &c., by double decompositions, to 
be hereafter described, the chlorides, sulphurets, &c., 
correspond to the oxides from which they are formed. 
Thus, protoxide of iron yields protochloride, while ses- 
quioxide yields sesquichloride. 

716. The alkalies. — The oxides of po- 

Give some . , ,. ii i ** »> 

properties of tassmm and sodium are called alkahes. 
theaikalus. ^y^^y are known as potassa and soda, 
and are commonly obtained as hydrates. They are 
white infusible substances, from which the water 
cannot be expelled by heat. They are soluble in water, 
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and are the strongest of all bases. From their destnxe- 
tire action on animal matter, they are called caustic 
alkalies, and are often distinguished, by this term, 
from the carbonates of potassa and soda. 

POTASSA. 

,^ . , 716. Potassa is prepared from wood 

What U the 

wurce of p(h ashes. The ley obtained from these be- 
tMsaf ^^g evaporated to dryness, the mass which 

remains is the crude potash of commerce. This, when 
purified, becomes pearlash. 

Soto is potassa 717. Caustic POTASSA. — Commercial 
prepared^ potash and pearlash are both carbonates 
of potash, from which the carbonic acid must be 
removed, in order to produce potassa itself. This is 
done by a milk of slaked lime. A solution of potash, 
in at least ten parts of hot water, or a hot ley, made 
directly from wood ashes, should be employed in the 
experiment. To this, the milk of lime is added, little 
by little, the solution boiled up after each addition, 
and then allowed to settle. If, after settling, a por- 
tion of the clear liquid is found no longer to effervesce 
on the addition of an acid, it is sufficient evidence 
that all the carbonic acid has been removed by the 
lime, and the process is completed. This must be as- 
certained by trial. About half as much lime as pot- 
ash will be required in the process. Caustic soda is 
similarly made from the carbonate of soda. 

718. The boiling in the above process 

Give a modi- , . ^ ./• i • -i ^ 

JUation of the may be omitted, if the mixture be fre- 
above method, q^^^tly shaken up, during several days. 
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This modification of the method is much the most 
convenient for the production of caustic al- 
kalies in small quantities. Solutions, useful 
for a variety of chemical purposes, are thus 
obtained, and should be preserved for use. 
They may be converted into solids, by 
evaporation, and the solid thus obtained fused 
and run mto moulds. The commercial caustic 
potassa, occurring in slender sticks of white 
or grey color, is thus produced. 

719. Affinity of potassa for water. 

How can tli^ ^ ^. , ^ , 

«s^mty of po- Ordmary potassa, as before stated, 
h^r^dT^ is a hydrate. But its affinity for 
water, is by no means yet satis- 
fied in this form. If exposed in an open 
vessel, it rapidly attracts moisture from the 
air. It often dissolves, in the course of a few days, in 
the water thus obtained. 
„^ , . .^ 720. Decomposition by potassa. — ^Po- 

What u tatd , , , , ^ . . _ 

of the deeom" tassa added to the solution of almost 
*SS*fiPi^- *^"y salt, occasions a precipitate. The 
tawif potassa takes the acid, and precipitates the 

insoluble base. If the experiment be made with an 
ammonia salt, the base being volatile, passes off into 
the air. Experiments may also be made with green, 
blue, and white vitriols, which are, respectively, sul- 
phates of iron, copper, and zinc. 

721. Cleansing and caustic proper- 

^'^iiSi^o. ties of potassa.— If soiled rags be boiled 

perties of po* ^jth a dilute solution of potassa* they will 

be thoroughly cleansed by. the process. 




The potassa unites with the acid of the grease con- 
tained in the clotb, and thus makes it soluble in water. 
^ , 722. Action of potassa on animal 

aditm o/pa^ MATTER. — Potossa is extremely destructive 
«i5*«S^i of animal matter. It readily dissolves the 
skin, as may be proved by rubbing a little 
between the fingers. If applied in sufficient quantity, 
it destroys the vitality of the flesh. It is of(en used 
for this purpose by surgeons. 

„ , 723. ElfPECT ON VEGETABLE COLORS. 

Sun doiBSipor 

taua affect'^ YegetablQ blues which have been pre- 

giabk colors f yiougly reddened by acid, are restored to 
their original color by the action of potash and other 
alkalies. The blue pigment called litmus is the one 
most readily obtained. In preparation for the exper- 
iment it is infused in hot water The transformation 
from blue to red, and vice versa, may be repeated as 
ofien as desired, by the alternate addition of acid aQ4 
alkali Paper soaked ii;L the red and blue liquids 
forms the test-paper of the chemist. It is used to in* 
dicate the presence of smaller quantities of acid and 
alkali than could be recognized by the taste. An extract 
of pucple cabbage leaves, or the leaf itself, may be 
used in the above experiment. In this case, the change 
of color by alkalies is from red to green. 
,^ ^ , 724 Properties of soda. — The prop- 

prmpertiet of esTties of soda, are very imnilar to those of 
potassa, as above described. 
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OXIDB OF AMMONIUM. 

726. Formation. — ^When hydrated 
i/TxidB^ sulphuric, acid combines with ammonia, 
amnumxnmt ^^i^ water. which it contains is regarded 
as converting the ammonia into oxide of ammoniumy 
with which the acid then combines. The action of 
other hydrated acids is the same. In naming the. cor- 
responding salts, the oxide of ammonium is called 
ammonia. Thus, the compound with sulphuric acid, 
is called sulphate of ammonia. It is to be borne in 
mind, that oxide of ammonium of such salts, contains 
a molecule of water, in addition to the constituents of 
ammoniacal gas. 

OXIDE OF CALCIUM. 

HiAouiime 726. LiME. — ^Lime or oxide of calcium 

obtained r jg best obtained by heating chalk, marble 
or limestone. These are all carbonates of lime. Under 
the influence of a high temperature, the tendency of 
the carbonic acid to assume the gaseous form is so 
increased, that the chemical affinities of the base are 
overcome. The carbonic acid escapes, leaving the caus- 
tic lime behind. This is the process of the ordinary lime 
kiln. The superior strength of potassa and soda, as 
bases, is illustrated by the fact that the carbonic acid 
cannot be removed from them through the agency of 
heat. 

„^ . , 727. Hydrate of lime. — Slaked lime. 

What u hy- . i -i •• i . 

drat€ of When water is added to lime, one equiva- 

lent immediately combines with it, and 
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fonns a hydrate. The hydrate, like that of potassa, is 
dry, although it contains a large portion of combined 
water. As the water thus becomes solid in the com- 
pound, its latent heat is given off to the air or sur- 
rounding objects. The employment of heat thus pro- 
duced for culinary operations has been recently sug- 
gested. If the process of slaking be conducted 
under a tumbler, with a slight surplus of water, steam 
will be produced. On lifting the tumbler, it will be- 
come visible by its condensation into vapor. 
_ 728. Ignition by lime. — The heat 

How may gun- i j . i. 

pcwder he iff- thus produced, IS often sufncient to ignite 
a^a^^of gun-powder. It should be sprinkled on 
lirMi the mass, and kept dry while the slaking 

proceeds. Warm water and well-burned lime should 
be employed in the experiment. 
,^ . , 729. Action of the air. — If lime is 

What U the 

action of the cxposed to the action of the air, it gradu- 
a$ron %me, ^^ly combines with carbonic acid and 
water, and becomes converted into a mixture of hydrate 
and carbonate. It is then called air-slaked lime. By 
suflBLciently long exposure the conversion into carbo- 
nate is complete. 

730. Lime in mortar. — Ordinary mortar 
mortar har- is a mixture of sand and lime. It hardens 
^^' not simply by drying, but by the absorp- 

tion of carbonic acid from the air. A compound of 
hydrate and carbonate of lime, possessed of great hard- 
ness, is thus produced. A gradual combination, also 
takes place between the silica and the lime, which 
binds the two constituents still more firmly together. 
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,^ , , 731. Hydraulic CEMENT.f~If, ia ib» 

What tt Ay- 

drau^iee^ preparation of limey a limestOQe i$ used 
"**^' T^hicb contains a eertaia proportion of 

clay, a double silicate of alumina ami lime is'j^oduced. 
The compound has not ak>n« tbie property of combi-- 
ning with water, like ordinaj^y lime, but of becoming 
extremely hard and insoluble in the pK)eess., Such a 
lime is called hydraulic cement^ and is used for building 
under water. Silica, magnesia, and scMiAe otbec sinb^ 
stances impart the same property tO: lime. 

ALUMINA* MAGNl^L^, ^k. 

WhatUaiu' 732. Alumina, &c. — AlUmina, SO named 
minaf from the corresponding metal, is insoluble, 

and is called an earth. It is, like the peroxide of iron, 
a sesquoxide, containing three atoms of oxygen to two 
of metal. Natural alumina, colored blue, is called sap- 
phire. Colored red, it forms the oriental ruby. The 
topaz and the emerald are also compounds containing 
the same oxide. Baryta, strontia, lime and magnesia, 
are regarded as standing midway between the earth 
alumina and the alkalies, and are called alkaline earths. 
They are more or less soluble, and possess the general* 
properties of the alkalies, in a diminished degree^ 
Magnesia is sometimes classed as an earth. 
„„ , 733. Other metallic oxides. — The 

What are the „. •:. j r 

properties of remaining metallic oxides are powoers ot 
mk^^^f different colors. Most of them are insol- 
uble. The more important have been 
already noticed, in the Chapter on Metals. Their 



li]fdfates may be -obtained by precipitating solutions 
of their salts with potassa, soda, or ammonia. The hy- 
drate of the oxide oi copper, and peroxide of iron, 
may serve as examples. The former is blue and the 
latter a reddish brown. 

734. The hydrated oxides of nickel, co- 
tedoxide^dU' bait, titi sHttd coppoT, pToducod from solu. 
toheinmn' tion of these metals by the addition of 

ammonia, are again re-dissolved in au 
excess of ammonia. That of copper dissolves with a 
beautifal bine color, which is conclusive evidence that 
the liqiiid with which ^he experiment is made contains 
copper in solntion. 

735. Uses. — Oxide of magnesium or 

Give the !«««« . , , 

of wme of the magnesia, and mercury, among others, are 
**^** ^ used in medicine, and white oxide of zinc, 

as a paint. I^itharge or protoxide of lead is employed 
in making flint-glass and varnishes. Red lead is used 
as a paint. Oxide of bismuth is employed as a cos- 
metic. 

736. Oxide of manganese is used to 
^^TdZ^ color glass purple and violet. Oxide of 
glass by the cobalt, to color it bluc ; oxides of copper, 

oxide of man- , , . . . , 

patiese, cobalt, and chrommm, to impart a green color to 
d^^c *r^' glass and porcelain ; peroxide of iron, 
to give it a yellowish red, and protoxide, a 
bottle-greea. Sub-oxide of copper gives to glass a 
beautiful ruby red. Silver and antimony are employed 
to produce different shades of yellow and orange. Vi- 
olet and rose color, are obtained by means of the purple 
of cassiusj a beautiful purple precipitate, containing 



J 
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tin and gold, and obtained by adding protochloride of 
tin to a gold solution. 

737. Glass staining. — ^The eflfect of 

Howmay these ._ _ . , . , . , 

effecu beillM^- oxides, above mentioned, m colormg glass, 
tratedf ^^y ^^ illustrated by fusing them into a 

borax bead. The bead is to be formed with the 
aid of the blow-pipe, in a loop of platinum wire. 
In the absence of such wire, the borax glass 
may be made upon the surface of a pipe bowl. In- 
stead of employing the oxide, it is generally more 
convenient to moisten the bead with a very small 
quantity of a solution of the metal. In order to obtain 
good colors, the quantity of coloring material employed 
must be very small. 

. 738. For staining glass and porcelain su- 

and porcelain perficially, a colored and easily fusible 
fidalltr^^^' S^siss is first prepared with borax or some 
analogous material. This being ground 
up and applied as a paint, is afterward baked into 
the surface. Several of the oxides mentioned in a pre- 
ceding paragraph are thus employed. 

CHLORIDEa 

739. Description. — ^The chlorides are, 
of the proper- for the most part, soluble salts, of colors 
hX/^*^^^ corresponding to the solutions of the metals 
from which they are produced. Common 
salt may stand as a type of the class. The 
chloride of silver, subchloride of mercury or 
calomel, are insoluble, and the chloride of lead 
but slightly soluble in water. 
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740. Pjrkpakatioh. — Chlorides may be 
rides made made by the action of chlorine or hydro- 
^T.n^'iL chloric acid on the metals. The combufr- 

knve ezcanplee. 

tion of antimony in chlorine gas, the solu- 
tion of gold in aqua regia, and that of zinc in hydror 
chloric acid are examples. The chemical action in each 
of these cases has been explained in previous chapters. 
The solutions being evaporated, the chlorides are ob- 
tained in the solid form. The solution of zinc in hy- 
drochloric acid is a case of single elective affinity: 
the metal elects or chooses the chlorine. 
_ ,, 741. Chlorides may also be formed by 

Mow ate chlo^ 

ridesproduced the action of hydrochloric acid on oxides. 
from oxides f rpj^^g commou Salt Or chloridc of sodium 
may be made by mixing hydrochloric acid and soda. 
The hydrogen of the acid and the oxygen of the soda 
unite to form water, while the chlorine of the acid and 
the metal sodium unite, to foua the chloride. This is 
a case of double decomposition, resulting from double 
elective affinity. The chloride commonly corresponds 
to the oxide from which it is produced. Thus soda, 
which is a protoxide, yields common salt, which is a 
protochhride. Again, sesquioxide of iron, containing 
three atoms of oxygen to one of metal, yields susqui- 
chloride of iron containing the same proportion of chlo- 
rine. 

ffoio are the '^^^' '^^® insoluble chlorides may be ob- 

insdiubie cKio- tained directly in a solid form by a similar 

rides obtained ,,,, .. — ,, ii-i/» 

direcUy in a doublc decomposition. Thus, chloride of 
solid form! godium and oxide of silver in solution, 




yield, When mixed, a prec^i)yt»ite of ekhride 
vf silver; newly-fonned oidde of sodiiiiai or 
«oda remains in solution. Ttve Isfttie^ titeites 
with the acid originally emjdoyed to difisolye 
the oxide of iiil^er. 'This is cottiincftdy nrtrie 
acid. 

74S. Guvowan^ cUt iftfos^xoli.— OoMke% 
$aurce$Uc<m' sjkiiT. — Cohimon sait is fonnd in great 
Mainedf abundance in Poland and ot}^ cdutttries, 
as Rock salt, which is regularly toined lik6 
coal. It is also obtained by evapors^ing ^be "^irttler <jf 
the sea or salt springs^ in the sun or l)y artificial heat. 
When the sah water is boiled down, the salt separates 
in crystals, while the unpunties r^inaih in the smaH 
portion of liquid which » not evaporated. These tm- 
aist principally tuf chtoride xX magnesinift vttA otti^r 
salts. Oofitiary to tiie generd nde, SiEdt Is ^qua% mhlh 
ble in cold acnd hot water. 
_ . , 744. When «Bdt is to Ibe made fteA 

H<no t8 salt _ . _ . ♦ . ,v 

produe0d fr<m watcv which contams It in very sn^l pro- 
J^^'Jf** portion, it is a freqfuent practice to Bturope, 
to pump the weak brine to tta^ top of iarge 
heaps of brush, taiA allow it to trtc^kle through i^i&A. 
The object of the method is to pfodtice a liifge -e^^^po- 
rating surface. The air, as it passi^lhrough the fielq^, 
carries away a large part of the water, and leaves thfe 
salt behind. The strong brine which iscoUected below, 
is then boiled down, as before described. The annual 
produce of the salt springs at ^yracuse^ New York, ex- 
ceeds 6,000,000 bushels. 
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^ 746. Beasttifnl crystals of common salt 

Xfoc0 Tfiay cry 8- . 

iaU ofsaU be «n«y be obtatiied by gradually evaporating 
obtui^iedf a saturated solution. This will be accom- 
plished by 3c«ei»ng it for Bome time moderately warm 
on a stove or in the san. The crys- 
tals are shaped as represented in the 
figure, and are made of innumerable 
small cubes, which bmld themselves 
regularly upon the edges as the lai^er crystals sink 
little by little into the solution. 
TT J I. ''**• Uses of common salt. — ^The use 

How does salt 

aet to preserve Of common salt m preserving the flesh of 
/leshf animals from decay, depends in part on 

4he fact that it extracts from the flesh a large propor- 
tion of water. It thus, to a certain extent, dries them. 
This action will be immediately observed if a little 
salt be sprinkled upon flesh. It will speedily draw 
out the juices of the meat, and itself disappear, by dis- 
solving in them. 

now much salt '^^ ' ^^^ WATER.— Bvery pound of sea 
iseaniainedin water Contains from one-half to Ave- 
the water of eighths of an ouncc of salt. The greater 
4heDead8eat ^^j^ ^£ ^^ j^ chloride of sodium or com- 
mon salt. The water of the Dead Sea contains a 
much larger proportion, and is more than an eighth 
part heavier than pure water. Owing to its greater 
density, a muscular man floats breast high in it without 
the least exertion. Fresh eggs, which sink in sea 
water, float in that of the Dead Sea, with one-third of 
their length above the surface. 

la* 
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^ , , 748. Chloride of lime. — ^Bleaching 

On what does __, . _ . , - , . 

tfii vidue of POWDER. — ^The Commercial article of this 
Ume%%df "^^^ i» prepared by passing chlorine gas 
over lime. It is a white powder, with an 
odor similar to that of chlorine gas. Its value depends 
on the fact that the gas is thus brought into a solid 
form, and made capable of transportation. It may be 
released again by the simplest means, to be used as a 
bleaching and disajfecting agent. The addition of an 
acid, as has been seen in the chapter on chlorine, is all 
that is necessary to effect this object. It occurs, in- 
deed, spontaneously in the moistened powder, through 
the action of the carbonic acid of the air. 

749. Illustration. — To illustrate its 
properties be bleaching power, a strip of calico may be 
illustrated^ goaked in a solution of the chloride, and 
then in acid water. Nascent chlorine is thus liberated in 
the fibre of the cloth, and is more effectual than if 
otherwise applied. 
„ 760. Form of cobcbination. — The che- 

Sow are its 

elements com- mical actiou which occurs in the formation 
Hned? ^f chloride of lime is as follows. The 

chlorine combines with both constituents of the lime 
forming with its metal chloride of calcium, and with its 
oxygen, hypochlorous acid. This acid combines as it 
is produced, with another portion of lime, forming a salt. 
Bleaching powder is therefore a mixture of chloride of 
calcium and hypochlorite of lime, with a certain pro- 
portion of lime still uncombined. The name chloride 
of lime has no chemical propriety. The mixture is, 
practically, chlorine and lime, for as soon as an acid is 
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added^ all of the original lime is re-formed and chlorine 

is evolved. 

_ . _, 76h Chloride of aluminium. — ^This 

MOW ts chlo- 1 . /. 1 . . 

ride of aiumi- salt IS of peculiar mterest and importance, 
nare<iff^^ in vicw of its employment in the prepara- 
tion of the new metal aluminium. It is 
prepared by heating alumina at the same time with car- 
bon and chlorine. The alumina is torn asunder, as it 
were, by the ajQBinities which are thus brought into play. 
The carbon takes its oxygen and passes off with it as car- 
bonic oxide, while the chlorine takes the metal and es- 
capes with it as volatile chloride of aluminium. The 
carbon in the process is supplied by coal tar. The 
process is conducted in iron retorts, the materials hav- 
ing been previously ignited together before their intro- 
duction. 

ffowisUpu- 762. The chloride is impure, from the 
rified? presence of volatile sesquichloride of iron. 

This is separated by leading the uncondensed vapors 
over highly heated points of iron. The iron has the 
effect of removing part of the chlorine from the ses- 
quichloride of iron and reducing it to a non-volatile 
protochloride. It is thus stopped in its course, while 
the chloride of aluminium passes on unaffected. It con- 
denses in the cooler part of the apparatus, in the 
form of colorless transparent crystals. 

763. Colored flames. — ^A series of 
of colored beautiful flame experiments may be made 
^"**'' with the chlorides. The flame of alcohol 

assumes different colors according to the chloride em- 
ployed. Chloride of sodium or common salt, gives 
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t. yellow ; chlbrMe of poti»sium, violet ; 
chloride of calcium, orange ; chloride of 
barium, yellow ; chloride of copper, blufe. 
Instead of the chlorides, other soluble 
salts may be employed with the addition of a little hy- 
drochloric acid. A beautiful green toay be obtained 
from a copper coin liioistened with srttong nitric acid, 
with the use of alcohol as before. The colors of fir^ 
Works are similarly produced by the addition of the 
above and certain other salts. 
„„ . ., 1?64. OrufSR Chlorides. — ^The bthrir 

what ts »atd . ,, . , ^ *« . . 

cf oilier ehio- cntondes are not of sufficieiTt generd in- 
''*^^ terest to be here particularly described. Oor- 

rosiviB sublimate, the uses of which are mentioned ia 
the chapter On Mercury, is ^ ohloride o( thiis Inetal. 
Calomel is a subchloride of the same metal. 



«-- ^ . ,, 766. The iodides and bromides -are 
^fihe fodk^ classes of salts analogous to the chlondes. 
andhromideBf rjij^^g^ ^f potasslum, usod iu medicine and 
in photography, are the most important. 
•«. . ^ t, 766. Detection of Tvwiwwv iodine.— 

ffotoit the blue ., ./.,,, * ,, 

iodide of A beautiful blue ;s {Spared by addmg a 
^r€df^^ little chlorine water and istarch paste to a 
solution of iodide of potassium. The 
-chloride sets iodine at liberty, which then coiJEibiiies 
with starch to form the blue compound. Ry this test 
iodine ^can be detected in a liquid which contains but a 



/ 
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luillidnth pBLtt of this element. By the sabettatioti of 
-l»romii]b of potassium in the experiment, an orange 
-color is prodiiiced. 

ffow is this 757. Test foe cblorine and iodine. — 

experiment T^^g experiment may also be made by 

employed (U a * ^ •' 

testf^ eMo- moistening a slip of paper with starch and 

^'^^ iodide of potassium, and holding it in an 

titmosphere containing a Uttte chlorine gas. 

An extremely small quantity of chlorine is 

thus indicated, and the prepared paper thus 

becomes a test for chlorine. Such paper is 

also Used to show the presence of ozone 4n 

the air. 

,^ . ., 758. Ohanoe ot color by heat. — ^By 

What is said ' 

oftheiodideof mixing solutions of iodides of potassium 
merewryf ^^^ corrosive sublimate or chloride of mer- 
cury, a beautiful scarlet iodide of mercury is produced* 
On heating the dried precipitate it becomes yellow. 
The experiment is best made with two watch glasses. 
*rhe iodide is heated in the lower one and collects by 
tttblimation, with changed color, in the upper. 

What efeet is ^^^' ^^^^^^ OF COLOR BY TOUCH.-*- 

produced bv On touchiug the yellow incrustation with 
yeUoJ^ncrus' the point of a needle, it is immediately 
•^**^ stained scarlet at the point of contact. The 

color gradually spreads, as if it were a contagious dis- 
ease, through the whole mass, until every particle has 
regained its original scarlet. This experiment fur- 
nishes a very remarkable instance of change of an im- 
portaiit property without change of composition. As 
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the change of color proceeds, the small scales of which 
the yellow iodide is composed break up into octa* 
hedrons. The change of color is regarded as a conse- 
quence of the re-airangement of atoms, which produces 
the change of form. 

FLUORIDES. 

What ii taid '^^^^ Pluor-spar. — The fiuoridcs, with 
offiuoT'tpwf the exception of those of the alkalies, are 
for the moit part, white insoluble compounds. The 
only one of especial interest, is the beautiful mineral 
known as fluor-spar. This mineral is a fluoride of 
calcium. It is found of white, green, purple 
and rose color, crystallized in regular cubes 
or octahedrons. Hydrofluoric acid, which has 
the remarkable property of etching glass, as 
before described, is prepared from if. 

SULPHURETS. 

Define a $ul' '^Cl* The compounds of the metals with 
phuret, sulphur are called sulphides or sulphur^* 

They are of various colors, and, for the 
most part, insoluble. Iron pyrites, and ga- | ^Y ^^ 
lena or sulphuret of lead, are examples. 
The figure represents a crystal of magnetic pyrites^ 
which is one of the sulphurets of iron. The form be- 
longs to the sixth or hexagonal system. 

762. Preparation. — ^Most of the sul- 

Sow are giu- 

phureu gene- phurets may be produced by adding hydro- 

pareJT^ sulphuric acid to solutions of the different 

metals or their salts. Sulphur. and metal 
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anite and precipitate, while the hydrogen and oxygen, 
previously combined with them, form water. 
Mention the ^63. The sulphurct of zinc is white ; 

T^heti'^h^ that of arsenic, yellow ; and that of anti- 
rets. mony, orange. The remainder of the in- 

soluble sulphurets are black. Solutions of 
white vitriol, arsenious acid, and tartar emetic 
may be used, as above directed, to produce sul- 
phurets of zinc, arsenic and antimony. If 
the zinc precipitate should be colored, it is 
owing to the presence of iron in the salt, as 
impurity. Blue vitriol may be employed to produce 
black sulphuret of copper. 

764. The sulphurets of ammonium, po- 
of the sulphur tassmm and sodmm, cannot be precipitated 
Zk(d{e!^^ by this process. Being soluble, they re- 
main in the liquid. Solutions of the caus- 
tic alkalies are to be used in preparing them. The so- 
lutions of these sulphurets are useful, as they may, in 
many cases, be substituted with advantage for hydros 
sulphuric acid, in precipitating sulphurets from solutions 
of other metals. Certain other sulphurets are soluble, 
and do not precipitate, as will be seen from the table 
in the Appendix. 

766. Liver of Sulphur. — There are a 

What %8 liver , /• i i ^ /• ^ • 

oftuiphurt number of sulphurets of potassium, con- 
^ared) ** ^^ taining each a diflFerent proportion of sul- 
phur. That which contains five atoms of 
sulphur, to one of metal, is called, from its peculiar 
color, liver of sulphur. It is prepared by boiling flowers 
of sulphur in a strong solution of potash. It may also 
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be ftude by fusion of the same materials. The proto^ 
sulphiiret can be made from the sulphate, by reduction 
with hot carbon. Certain other soluble sulphurets may 
be prepared in the same maniwr. 

766. Milk op sulphitr. — ^This form of 

How U milk of , , ,.. . . i . <■ 

nUphur pre- snlphur, like that just mentioned, is used 
pared f jg^ medicine. It may be prepared from a. 

solution of the Uyer of sulphur, by the addition of an 
acid. The latter combining with the potassa, the sul- 
phur is precipitated in a state of the finest division, 
giving to the liquid the appearance of milk. 

767. Oth^r Sulphurets. — The imtu- 

What ii 9aid 

of the other ral sulphuTcts havo colors different from 
wiphureuf ^y^ similar compounds when produced, as 
above, by precipitation. Thus, the natural sul^phuret 
of lead, or galena, has the color of tbe metal ; that of 
Boeieuiy is red, and is called cinnabar ; that of zinc, 
eaUad Jtinc ifeitck, and by miners, black jaek, is of dif-- 
fereat ahades-^-brdwn, yellow and black. The precipi-> 
taled sulphuret of mercury tarns red by suUimation, 
and in this state fe»ms the familiar pigmcaat called ver- 
milmu Sulphuret of iron, which is employed m 
making hydrosulphuric acid, may be prepared by hold- 
ing a roll of sulphur against a rod of iron previously 
heated to whiteness. This may be feadily done in any 
blacksmith's shop. The fiesed sulphuret falls in glo- 
bules from the sur&oe of the ifron. 
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S0LPHAT9B6. 

, T68. The sulphates, with the ex- 

What is $a%d 

of the color ception of those of the alkaline 

^«^j5ffi ^^^^^ ^' *^^ ^^® ^^^ P^» sota- 
ble salts, of colors corresponding to 
the sohitions of the corresponding metals. The 
figure represents a crystal of gypsum. The form be- 
longs to the fourth system. 

769. Prei»aiiatio^. — ^The sulphates are 

How are the _ , . , h k ,- • . 

sulphates produced either by the direct combination 
formed f ,^£ sulphuric acid with the proper oxide, or 

by its action on the metals. The latter lias been already 
particularly described ih the sectidn on sulphuric acid. 
They are Blso sometimes formed in nature, by the 
action of the air on sulphurets. In this action, the 
metal is converted into oxide, and tbe sulphur into acid, 
Vhicli together form the sulfSiatte. QreeA ^riiil is 
sometimes tteis formed in soils, from sulphut^t of %dta 
<ftfooP% gold. 

What is gyp- 770. SuLPHlTfi M LIME.— OrPflUM,^^ 

■**' This is a w^hite, soft Imineral, occurring 

abundahltly in nature. The £ner kinds are known as 
^lahaiter. Finely ground, it is employed extensively 
as a fertilizer df the ^soil under the name of plaster. 
Plaster of Paris is produced by heating gypsum until 
its water is expelled. The plaster, when pulverized, 
has the propeaty of setting with water, ot, in other 
words, fdfmibg a hard cohi^rent mass. 

771. Plasteb CASTS.-*-Th«se are pro- 
i^^^^p^ duced by reducing the burned or powdered 
^*'^' gypsum to the consistesice of ^reim, Willi 
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water, and then pouring it into moulds. A coin may 
be copied by pouring such a paste into a small paper box 
containing the coin. Two parts of ordinary ground 
gypsum, heated moderately until vapor ceases to escape, 
and then mixed with one part of water, form a good 
proportion. The heat should not be carried very far 
beyond that of boiling water, or the plaster refuses to 
set. 

_ , , 772. The hardening of the plaster part 
ter eaau hard- takes place very rapidly. It is owmg to 
^^ the re-combination of the material with 
water. The water thus absorbed exists in a solid form 
in the compound, as in other salts. 
773. Aluminated PLASTEB. — ^Harder and 

What is cUth 

minaMjia9' better casts, more nearly resembling mar- 
^^ ble, are made by steeping the burned gyp- 

sum for six hours in strong alum water, and then re- 
heating it at a higher temperature. After being again 
pulverized, it may be used like ordinary plaster, but 
requires more time to harden. 

774. Sulphate of soda. — ^Glauber's 
phcZ^f Mda, SALT. — ^This is a white salt, forming crys- 
and itsprepor ^ajg belonging to the third system, such as 

are represented in the fig- ^ 

ure. It is used to some extent in medi- ^ ^ 



cine, and in large quantities for the pro- 



duction of carbonate of soda. It is prepared by pour- 
ing oil of vitriol upon common salt. A double decom* 
position takes place between the salt and the water of 
the acid ; hydrochloric acid is formed, which passes off, 
ai^d soda^ which remains combined with the sulphuric 
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acid. It is to be understood that this reaction between 
water and common salt, takes place only when suljdiurie 
acid is present. The method of making the experi- 
ment is given in the paragraph on the preparation of 
hydrocliloric acid. 

What is said 776. Sulphate of soda may be obtained 
of its crystals r Jq crystals, by evaporation. These crys- 
tals, like those of many other salts, lose their combined 
water, on exposure to the air, and become converted 
into a white powder. This change is called efflores- 
cence, and the salt which experiences it is called efflo- 
rescent. In preparing the salt on a large scale, for 
conversion into carbonate of soda, large quantities of 
hydrochloric or muriatic acid are incidentally pro* 
duced. 

Whatissul- '^'^^* SuLPHATB OP BAKTTA. The SUl- 

phateofho' phate of baryta is a white insoluble sub- 

ryta? ffow ^ ^ 

prepared f Stance, which may be obtained, as a pre- 
^*'*^ cipitate, by double decomposition of any 

soluble baryta salt with a soluble sulphate. It is a 
mineral of firequent occurrence, known as heavy spar. 
It is used for the adulteration of white lead, in which 
it may be easily detected as a residue, on dissolving 
the white lead in dilute nitric acid. The sulphate of 
lead is another of the few insoluble sulphates. 

777. Alum. — ^Ordinary alum is a double 

Describe /. , . \ « , 

alum, and its sulphatc of alumma and potassa. Solu- 
preparaHan. ^^^^^ ^f ^j^^ ^^^ g^j^^^ when mixed, com- 
bine to form the double salt. The sulphate of alu- 
mina required in the process may be obtained by dis- 
solving alumina from common clay by sulphuric acid; 




porcHn 

i 



M6 BAiiTS^ 

Of it VkdSf be jvuttiiced by <ncp08itig cer- 
tain days or «lates, which contain sol* 
phuret of iro4i to the action of the air. 
Under these ciicmnstances, the sQlpfaur 
becomes converted into sulphuric acid, 
which imites with both oidde of iron and aliiminA. 
Prom this mixture the protosulphate of iron is sepa- 
rated by crystallization, leaving a ^luticm <3i sidphale 
of alumina to be used in the ]^paration of alum. 
Whatishumt 778. On heating altHn in a cracibie or 
^^^^^ J)ipe-bowl, it swells up into a light poiraiis 

mass, and is converted into ftttntl dlttm. At 
the same time it loses its water of ciystttQia^- 
tion, of which it contains twenty-four moleeaieft 
to each molecule of the double sulphate. 

779. Othue ALUtts. — ^The name, alum. 

What ts 9aid 

of other IB apppHed to a number ^of salts of analo* 

**^'*^' gouB composition to the cotnia^on alum ri- 

ipeady described. In one <rf these, sesquioicide of chro- 
mium, and m another, sesquio^ide of iron, Cakes lAie 
place of the alumina or sesquioxide of almsaitm. la 
a third ^nd of alum, oxide of ammomam replaces the 
pdtasi^. All of these alums contain the same nunaber 
of moiecules of water of crystallization. TTiey have 
all the same crystalline f(xrm, and, if mixed in stsixx*- 
tion will cryfirtallize together. They are, therefore, 
isomorphous salts. Their perfect analogy of composir 
tion will be best seen by the inspection of their formu* 
IsB, given in the Appendix. 

What is said 780. OtHER SULPHJif ES.— ViTWK)I.-8.— - 

^ mtriOtf Several of the ^sulphates have leoeirodihe 




NITBATX8* 

eommon name of vitriols. SulphatQS of zinc, eo/ppeoif 
and iron are called respectiTely white, blue, aad green 
iritrioL Green vitriol readily absorbs oxygen from the 
air, and becomes browp, from the accumula- 
tion of peroxide of iron upon ita surface^ A 
solution of it ii» changed %o a yellowish-red 
color, by the oxidizing action of either nitric 
acid or chlorine* A crystal of blue vitriol is 
represented in the figure. The form belongs to Ae 
fifth system. 

ffota are nir 781. The nitrates are formed by 

tratesformedf i\^q action of nitric acid on metalsj ir\ 
as already explained, and also by the ajction of m-X^ 
the acid on oxides previously formed. In the 
latter case, the metallic oxide takes the place of i ij 
the water of hydration, which always belongs ^^^/y 
to the acid. They are also produced by double 
decomposition. This latter method is illustrated be- 
low, in the preparation of nitrate of potassa from the 
nitrate of lime. The fi^re represents a crystal of salt- 
petre. The form belongs to the third system. 

782. Nitrate of lime. — This salt is 
of considerable interest, from the fact that 
it is employed in the production of salt- 
petre or nitre. It is formed in the so called, nitre beds, 
by mixing together refuse animal matter with earth and 
lime. In the gradual putrefaction of the animal mat- 
ter which follows, its nitrogen takes oxygen ^oipgi the 
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aiTy and is converted into nitric acid. The acid then 
combines with the lime to form the nitrate. The salt 
is afterward extracted by water. The formation of 
nitric acid, above mentioned, takes place only in the pre- 
sence of alkaline substances. In their absence the ni- 
trogen passes oflF, combined with hydrogen, as am- 
monia. Even in the presence of lime, there is reason 
to believe that ammonia is first formed, and its consti- 
tuents afterwards converted into nitric acid and water. 
„ , . . 783. Nitrate of potassa. — Nitre, or 

Explain the r«, • , . . i. 

formation of SALTPETRE. ThlS salt IS a constituent OI 

'**'''*• certain soils, especially in warm climates. 

These soils always contain lime, and are said to be 
never entirely destitute of vegetable or animal matter. 
It is obvious, therefore, that nitrate of potassa may be 
formed in them, as the same salt of lime is formed in 
the nitre beds just described. A small proportion of 
nitric acid exists in the atmosphere, combined with am- 
monia. This, also, may be a source of part of the 
nitric acid of the nitrous soils. Again, it is probable 
that nitric acid is slowly formed from the atmosphere 
by the direct combination of its elements in the porous 
soil. Nitre, on being highly heated, yields a third of 
its oxygen in the form of gas. 

784, Nitre is obtained from nitrous soils 

llcw 18 nitre _,.... . , ^ . 

obtained from by lixiviatiou With Water, and subsequent 
nitrautaoUtf crystallization. Prom nitrate of lime, 
it is produced by double decomposition with carbonate 
of potassa. Carbonate of lime precipitates, while nitrate 
of lime remains in solution. This may be afterward 
poured off, evaporated, and crystallized. 
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-, ,. 7^. Uses of nitbe. — Nitre is ezten- 

Mentton some . 

of the vM siYely employed by the chemist and in the 
of nitre, ^^^^^ ^ ^^ oxidizing agent. A few grains 

of it introduced into a solution of green vitriol, or sul- 
phate of iron, to which some free sulphuric acid has 
been added, will immediately change its color. The 
sulphuric acid sets nitric acid at liberty, to which the 
oxidation and change of color are to be attributed. 
Nitre, when heated, yields part of its oxygen, as before 
stated. If heated with metals, it converts them into 
oxides. The principal use of nitre, is in the manufac- 
ture of gun-powder. 

Hmeareni- '^®®* NlTKATE OF AMMONIA. ^LaUOHINO 

trateof am- gas. — Nitrate of ammonia may be prepared 
liav^ing gas from the caxbonatc, by evaporation with 
produced? j^j^yj^ g^^i^j When heated, the hydrogen 

of the ammonia, and an equivalent quantity of the ox- 
ygen of the nitric acid, unite to form water, and the 
residue of both passes off as protoxide of nitrogen, or 
nitrous oxi^e. The compound is also called laughing 
gaSj from the exhilarating effects which it occasions, 
when breathed in considerable quantity. Impurity 
of material or excess of heat occasion the production 
of an impure and deleterious gas. In view of these 
facts, the preparation, and inhalation of laughing gas 
is not to be recommended to the student. 
IP f ' *x 787. Gun-powder. — Gun-powder is a 

Explain the ^ 

action of the mixtUTC of uitrc, charcoal, and sulphur. 
J^^ o/*^ When ignited, the carbon burns instanta- 
ffun-powder, neously, by help of the oxygen of the nitre, 
thus producing a large volume of carbonic acid gas. To 



this gas, together with tJie nitrogcD which is also set at 
liberty at the same moment, the force of the explosioa 
IB due. The sulpbiir, at the same time, combines with 
the potassium of the nitre, ajod remains with it as a 
aulphuret of potassium. Three equivalents of carbon 
to one of nitre, and one of sulphur, expresses very 
nearly the composition of gun-powder. It varies, how- 
ever, according to the uses for which it is intended, 
and the country in which it is manufactured. From 
the proportion, by equivalents, the relative weight of 
the constituents can readily be calculated. 

788. Collection of the cmlses. — ^Poi 

Bow are the . , „ . - , 

cMUM cU' the }»roduction and collection of the gases 

^<^*^^ evolved ia the combustion of gun-powder, 

the fuses of ordinary ^^Jtrecrach- 

cr»" mi^y be employed. Several 

of them are to be ignited 9l% the 

same time, in aai ordinary test^ 

tube. The mouth oi the latter 

being then brought under a filled 

and inverted vial, the gases are 

ooUected as fttst as they are evolved. 

789. NiTRATs or silvbr.— nNttrata of 

Describe «»- ., - ... i j. • 

trate of silver. silv«r, OT hinar causttCy IS employed m 
Wkatareiu surgery, for cauterizing wounds. A sokn 
tion of the salt in which the oxide has 
been precipitated by ammonia, and re-dissolved by a 
slight excess, is extensively employed as an indelible 
ink. The black color comes from oxide of silver, and 
finely divided metal, precipitated in the cloth. It 
may be removed by soaking in solution of eoi|imoD 




aitt) and tiius tontetting the silver of the mark into 
chl6ride of silyer. This is soluble in ammonia, and 
may be afterward extracted by that agent. Nitrate 
of silver is also the basis of most dyes for the hair. 
i)escnbi the 790. Other NITRATES. — ^Nitrate of soda 

<i^9rnUrate9, jg ^ white salt, found native in South 
Americia. It is used in the manufacture of nitric acid, 
and, to some extent, as a fertilizer of the soil. The 
remaining riitrates are soluble salts, of colors corres- 
pOfiding to the solutions of the metals, as already de- 
scribed. The uses of the nitrates of silver and bismuth 
h«v^ already been mentioned. 

CARBONATESw 

Ihteribethe 791. CARBONATES. — ^Tho carbonates ate, 
carb&naies, fy^ ^q u^j^gj pgy^^ white or light colored 

salts, of which chalk may serve as an example. The 
carbonate of copper is found native, both as blue and 
green malachite. All of the carbonates, 
excepting those of the alkalies^ may 
decomposed by heat. The latter are sol- 
uble, and retain their acid at the highest temperatures. 
The figure represents a crystal of carbonate of lime or 
calc spar. 

792. Preparation. — The insoluble car- 

Mow ore the 

insoluble car- bouatcs may be produced by precipitating 
^T?^^^' solutions of the metals or ^heir salts, by 
carbonic acid or solutions of the alkaline 
carbonates. In the latter case, a double decomposition 
occurs, with exchange of acids and bases. 

14* 
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What 19 said ''^' ^^^'^^^^'^ ^' FOTASSA- — ^P0TA9B* 

^cmrhotutu The method of j»eparing potash and 
ofpotatiaf pearlash, from wood ashes, has akeady 
been considered in the paragraph on Potassa. Saleratus 
is a carbonate containing a large proportion of carbonic 
acid. Its use, for *< raising" bread and cake, is familiar. 
The acid employed with it, sets the carbonic acid gas 
at liberty and thus puffs up the << sponge." 
^ .. 794. Cabbonate of soda.— *Soda.«— > 

honauof Carbonate of soda is commonly known 
'^'^ under the name of soda. It is a white 

soluble salt, familiar from its use in Scidlitz and soda 
powders. Its carbonic acid is the source of the effer- 
vescence in these preparations. 
„ . . 796. Carbonate of soda is prepared from 

How It earbo' _ , , /. , mi • i -» - 

f^ate of 9oda the sulphate of soda. This salt bemg 
prepared? heated with charcoal is conyerted into 
sulphide of sodium. On heating the latter with car- 
bonate of lime, a double de- 
composition occurs, and car- 
bonate of soda is produced, 
with sulphide of calcium as 
an incidental product. Both 
parts of the process are com- 
bined in practice. Sulphate 
of soda, chalk, and coal, are heated together in a rever- 
beratory furnace, the carbonate of soda is then dissolved 
out from the fused mass, dried, purified, and subse- 
quently crystallized. The sulphide of calcium would 
dissolve at the same time, aud\hus defeat the process,, 
were it not rendered insoluble by combination with a 
certain quantity of lime. . 
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Deierihe an- ''dd. Another method of manu&ctoring 

QikermMod. carbonate of soda, consists, essentially^ 
in separating sulphor from the sulphate, by means of 
oxide of iron, and substituting carbon in its place. In 
this process also, the materials are heated with charcoal, 
in a reverberatory furnace, and the carbonate afterward 
extracted by water. The impure uncrystallized carbo- 
nate of soda, is known in commerce, as soda ash, and 
is largely employed in the manufacture of hard soap, 
and in other processes. 

What 19 aal 797. CaBBONATE OF AMMONIA.— SaL VOL- 

vdaiilef ATiLE— The Ordinary sal voUUUe oi the 

shops, used as smelling salts, is a carbonate containing 
three equiyalents of acid to two of base. It wastes away 
gradually in the air, and passes off in a gaseous foim. 
n ' td '^®®' Preparation. — Sal volatile is pre- 

vokuiiepre- par^d by heating together carbonate of 
pared f ^^^ ^^^ chloride of ammonium. Carbo- 

nate of ammonia immediately passes o£f, while chloride 
of calcium remains behind. The carbonate is led into 
a cold pipe or chamber, where it takes the solid form. 
The mixture of chalk and sal ammoniac is sometimes 
used as smelling salts. The production of sal volatile 
from the mixture is very gradual if heat is not applied. 
„ 799. The property from which 

Mow ts tt X J. rf 

proved to be the salt receives its name, may 
""^^^^ be illustrated, by holding in its 

vicinity a rod or roll of paper, moistened with 
strong muriatic acid. A dense cloud of sal 
ammoniac is immediately produced in the 
air, from the union of the two vapors. The 




SIS*- %Aun* 

ezpeiimeDt is more striking, if the sal volatile is waimeiil 
in a cup or other vessel. This salt is sometimes 
used by bakers for making bread and cakes light and 
spongy. 

• d ®^* Oarboitate. of Livx.'-^^arbonate 
cf carbonate of lime, in the form of chalk, marble, and 
c/itmef ordinary limestone, is a most abundant 
mineral. Whole mountain chains consist of the latter 
rock. The shells of shell-firii are principally carbon^ 
ate of lime. There is good reason, indeed, to believe 
Hiat all limestones have their origin in accumulations 
of such shells, which have been consolidated in the 
course of ages. 

. 801. Solubility in carbonic Acm.—- 

•oiuhiiityof The solubility of carbonate of lime in 
H^ncaf' carbonic acid is readily shown, by passing 
homic acid a current of the gas through 

water clouded with pulver- 
ized chalk or marble. Other mineral 
substances which form the food of plants 
are dissolved by the same means, and 
then find their way into the roots, to 
subserve the purposes of vegetable life. 
whni ' iA ^^' Incrustations in boilers. — C«iy 
ofincrutta- bouatc of limc dissolved in carbonated 
Hcna tn hotl- -^at^T is again precipitated on boiling the 

solution. This is owing to the escape of 
the acid. Incrustations in tea-kettles and steam-boilers, 
in limestone districts, owe their origin to the same cause. 
In some cases, the cnii^ is formed of gypsum, or other 
earthy matters contained in the water. Que method 
of avoiding this inconvenience in steam-boilers, is by 
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Ate additloii of a smallet boiler, in which the water is 
first heated, and its sediment deposited. 
Give the tia- 803. STALACTITES. — The masses of car- 
laetitea, bonate of lime which hang like mineral 

icicles from the roofs of caverns are called stalactites. 
The water that penetrates the soil is the architect of 
these curious forms. Impregnated with carbonic acid, 
derived from decaying vegetation, it takes up its load 
of carbonate of lime as it settles through the rock, and 
deposits it again on exposure to the air of the cavern, 
in various and often fantastic shapes. Another portion 
of water, dripping to the floor of the cavern, builds up 
similar forms, called stalagmites, from below. 

. 804. Abtificial marbls. — The surface 

eUdmMe of wood or stouc may be marbled by cov- 
producedf gj.-jjg j^ ^j^jj successive coats milk of lime, 
and allowing each in turn to dry before the next is ap- 
plied. The surface is then smoothed and polished, and 
(Carbonic acid finally applied, by which it is converted 
JBto marble. The milk of lime is simply a mixture 
of slaked lime and water, and may be so colored as to 
produce a variegated surface. 

PHOSPHATES 
JDeteribe the 80S. PHOSPHATES. — The phosphateS, 

pko8pliate$. ^itjj the exception of those of the alka- 
lies, are, for the most part, white insoluble salts. 
Phosphate of lime may be taken as an ex- 
ample. The white residue which is obtained 
on heating the bones of animals, until all the 
animal matter is destroyed and expelled, is principally 
phosphate of lime. 
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806. Ordinary phosphoric acid has th^ 
ma^photpho- property of combining with and neutrali- 
iJtHftfficT*" ^^°S three equivalents of base, instead of 

one, as is the case with most other acids. 
It is therefore called a tribasic acid. The hydrated 
acid contains, also, three equivalents of water, and may 
be regarded as a salt in which the water acts the part 
of base. Arsenic acid is similar in this respect, as well 
as in the amount of oxygen which it contains, and in 
the salts which it forms with bases. Two other kinds 
of phosphoric acid may be prepared from that above 
mentioned ; the first combine's with one, and the second 
with two equivalents of base. 

807. Preparation. — ^The phosphates of 
phosphatet the alkalies may be produced by the ac- 
prepared f ^^^^ ^£ phosphoric acid ou the proper car- 
bonates. The remaining phosphates may be precipi- 
tated by solution of phosphate of soda, from solutions 
of the metals or their salts. As in other cases of pre- 
cipitation, there is here a double decomposition, with 
exchange of acids and bases. 

808. Superphosphate op lime. — ^A 
preparatum mixture bearing this name, formed by the 
%ul^e^Ume ^^^^^ ^^ dilute sulphuric acid on burned 
bones, is extensively used as a fertilizer of 
the soil. The sulphuric acid, when added, appropri- 
ates part of the lime of the bones, forming with it 
gypsum ; at the same time, it leaves the phosphoric 
acid which it displaces, free to combine with another 
portion of phosphate of lime and thereby to render it 
soluble. The commercial article is a mixture of this 
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flolaUe sabstanoe with the gypenun and animal chai^ 
coal produced in its formation. Other materials are 
often added, increasing or diminishing, according to 
their nature, its agricultural value. The basis of the 
manufacture, is commonly the refuse bone black of 
the sugar refineries employed in the process. 

. ., 809. Other phosphates. — ^The phos- 

tf other pho*' phate of soda IS used m medicme 
pkaUff and by the chemist, to produce 

other phosphates. The phosphate of silver is 
a beautiful yellow precipitate, obtained by pre*- 
cipitating i^ts of silver with phosphate of 
soda or any other salt containing phosphoric acid. 

SILICATES 

What Uioid 810. The silicates form an exceedingly 
ofiUieateaf large class of salts. They are, for the 
most part, insoluble, and are variously colored. 
Mica and feldspar^ two of the constituents 
of granite, may serve as examples. As com- 
ponents of this and other rocks, the silicates 
make up a very considerable portion of the 
mass of the earth. 

811. Prepabation. — ^Most silicates may 
JuMpre- * be artificially formed by fusing together 
^'***" ' quartz sand, with the proper oxide. This 

is done in the manufacture of glass, to be hereafter 
described. Silicates may also be formed by precipita- 
ting solutions of metals or their salts by the solution 
of an alkaline silicate. 




812. Olat.— Clay isarilieate of ahir 

What %9 the 

empoiUitm mina, commonly containing -Mlioiae of po* 
of clay f jj^gg^ j^^ Other materials in small pro* 
portion. The best kaolin or porcelain clieiy is perfectly 
white, and is nearly pure silicate of almnina. 

HawUiolubU 813. S0LUBI<E GLASS. SoluWc gkuSS 18 

glau made f made by fusing sand with potassa or soda. 
Its production may be illustrated in a soda bead, by 
subsequently re-fusing it, with addition of sand. As 
the silicic acid combines with the soda, carboili^ 
acid is expelled, as will be evident firoitk an efferyes: 
rnnce on the surface of the bead. Soluble glass If 
sometimes used as a sort of varnish for rendering wood 
fire proof. 

814. WjwDOW GiiAss. — Common window 
mannfaeture glass is a silicatc of lime and soda. To 
^{m*^^^ form itj chalk, soda, quarts sand and old 
glass are fused together until the mass bia* 
comes fluid. The molten glass is then blow% bf 
means of an iron tube, as soap bubbles are blown 
with a pipe. The first fonn of the bubble is 
that represented in the figure. The glass blower 
next contrives to leikgthen out the bubble, as hQ 
blows it, to a larger size, and finally to blow (ml 
tibe end by a strong blast from liis itpigs. It 
is then trimmed with a pair Of shears, and the 
other end cracked off by winding roupd it a thread 
of red hot glass. Such a thre^ is readily produced 
by dip|»ng an iron rod into the pot of molten glass, and 
th^n withdrawing it. The bubble of glass is thus 





aai 

brought to the fona of a cylinder, such as is 
represented in the figure. The cylinder is 
then cracked longitudinally, by letting a drop 
of water run down its length, and following it 
by a hot iron. It is subsequently reheated, 
openred, and flattened out into a sheet, which 
is then cut into panes of smaller size, if required. 
towaregi(m 815. Glass TUBES.— To make a glass 
hi6f« wtflMfe i tube, a bulb is first blown, such as is repre- 
9Bnted 6n the previous page. An assistant then at* 
taches his tube to the hot bulb at the opposite side, 
kid moves backward. The glass is thus drawn out, 
as if it were wax, and the cavity within it is elongated 
to a smooth and perfect bore. 

^ 816. Glass bottil^eb — rBottles and a 
great variety of other objects of glass, are 
made by the enlargement of similar bulbs within a 
mould of the required shape. Bottle glass is usually 
made of cheaper and less pure materials than window 
glass, and contains, in addition to the materials before 
mentioned, alumina and oxides of iron and manganese. 
It owes its green color to the protoxide of iron. 
GUMtnir' 81"^- Glass mirrobs. — ^Plate glass, such 

*^«' as is used for mirrors, instead of being 

blown, is cast in metallic tables of the required shape, 
and then rolled out and polished. 
What u cry- 818. CRYSTAL GLASS. — Tfais name is 
ialqUu9f given to a highly brilliant glass, contain- 
ing potassa and litharge as bases. It is used for prisoa, 

lenses, lustres, and the finer qualities of cut glass ware. 

14* 
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With the addition of borax, it is also emi^oyed for im- 
itations of precious stones. 

Whatiiena- 819. Enaicel. — ^Enamel is an opaque 
^^f glass, produced by the addition of some 

material which does not dissolve in the fused mass. 
Binoxide of tin is the material commonly emfdoyed. 
Various tints may be imparted to enamel, as to ordi- 
nary glass, by the addition of small quantities of me- 
tallic oxides. A thin surface of enamel is often baked 
on to a metallic surface, as in the case of watch dials, 
and various objects of jewebry. 
How it gia$% 820. COLORED GLASS. — Glass is colorod 
eoUredf ^u^ Stained by the addition of various me- 

tallic oxides. The peculiar coloring effects of these 
substances have already been mentioned, in the sec* 
tion on Oxides. 

EARTHENWARE. 

Wiat it the 821. Clay is the basis of all earthenware, 

baaUofaU fj^om ^ji^ fincst porcelaiu to the coarsest 

earthefiware? ,., ^. ^-,. ,, 

ffow is porce- bnck. Bemg first fashioned by moulds or 

lain madef ^^j^^^ ^^^^ .^^^ ^j^^ 

proper form, it is dried, baked, and 
subsequently glazed, to render it 
impervious to water. In the man- 
ufacture of porcelain,glazing is not 
essential. Sand and chalk are ad- 
ded to the original material, and 
the heat is carried so high as to 
bring the whole mass into a semi- 
vitreous condition. This is also 
the case in certain kinds of stone- 
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ware. P<»celaiii k, howerer, commonly glazed to add 
to its beauty. 

822. Glazing. — ^Earthenware after its 
process of &rst baking is porous, and therefore unfit 
glazinff. f^^ j^^g^ ^ggg foy which it is intended. It 

is subsequently covered with a thin paste formed of 
the constituents of glass. Being then subjcted a 
second time to the heat of the furnace, a thin glass 
or glaze is formed upon the surface. The glazing 
of certain wares is effected by exposure at a high 
temperature to vapors of common salt. A double de- 
composition ensues with the oxide of iron which the 
ware contains, by which soda is formed. This imme- 
diately fuses with the silica and other materials to form 
the glaze. The chloride of iron which is formed at 
the same time passes off as vapor. A paste of pounded 
feldspar and quartz, to which borax is sometimes added, 
is employed in glazing porcelain. 

823. Porcelain painting. — Metallic 
y^lei^n oxides form the basis of the pigments used 
painting f ^^ painting upon porcelain. The colo»- 
ing effect of the different pigments is mentioned in th0 
chapter on metallic oxides. The patterns on ordinary 
earthenware arc first printed on paper, and then trans- 
ferred, by pressure, to the unglazed ware. The paper 
» afterwards removed by a wet sponge. 

B0BATB8. 

—^^ ^ 824. BoKAx.^-Borax is the only irnpcn* 

borax f' tant salt among the compounds of boracic 




lieid* The salt cQutaim two atoms ^ aekl td ,^ ( 
one of base, and is therefore a biborate. It ^a 
white soluble salt, which sweUs up when heat- 
ed, in consequence of the escape of its water 
of crystallization. 

floa t« borax 826. PBEFAiUTtO».-<-^Bot:^X IS foUtKl IQ 

prepared f solutiou iu the Water of ^&stlaih shallow 
lakes in India. It remains as an incrustation in the 
beds of these lakes when they dry up in summer. It 
is also prepared by the action of a solution of boracie 
oeid on carbonate of soda; 

Whai u Mid 826. Borax gi^ass.— *Tfae l^ht spongy 
i^horaxgiaHl m^gg which is produced on hc»tizif boiox, 
may be melted down by greater heat alid converted into 
borax glass. This glass has the |n:6perty of dissolving 
metallic oxides^and receiving from them pecixiiaarcolorsi, 
as described in a former paragraphs The chemist ofiten 
determines the metal which a salt or oxide contains, 
by the color which it thus imparts to glass. The 
method of making the experiment has already been 
giren. 
,^ . . 827. Soij>EBiKo, wjELDiNG, ZTC. — ^Borax; 

why %$ borax , i , < i , . , 

mimUif^in IS employed m soldermg metals, to keep 
•^^^""^^ the metallic suAces clean. It does this 
by dissolving the coating of oxide, which forms upon 
them, and formiag with it a glass which is fiuid at .a 
high temperature, and easily pushed aside by the 
melted solder. Its use in welding iron depends on th^ 
same property. Borax is employed, to some extent, in 
medicine. It k also a constituelit of the glass i:^led 
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jewellers pa8t0, which is tused in prcnhicing imitations 
of precious stones. 

(mROMATE& 
Chroxb TEiiLow. — To prepare this 




Haw 18 chrome , , . i. , . i 

uMnoprc' pigment, a solution of the commercial 
pared f bichromate of potassa is added to a solution 

of sugar of lead. A doable decomposition ensues; the 
result of which is the production of a beautiful 
yellow precipitate, known as chrome yellow. 
The precipitate is a chromale of lead. The 
bichromate of potassa used in the experiment, is 
made from the mineral chrome iron, which has 
been mentioned in a previous chapter. The acid itself, 
which is without practical applications, may be made 
from the salt. It contains, like sulphuric acid, three 
atoms of oxygen. 

BmUehrtnne 829. Chrome ORANGE. — Chrome yellow 
yeZfow eon- may be converted into chrome orange^ by 
ckr<mu digestion with carbonate of potassa. Cloth 

orange t ^yeA yellow by dipping it alternately into 

a solution of bichromate of potassa and sugar of lead, is 
instantaneously changed to orange by immersion in 
boiling milk of lime. This action of the lime, as well 
as that of carbonate of potassa, depends upon its ab* 
stracting a certain portion of tl|e chromic aci4$ le^Vr 
ing thedreby a chromate of lead of different eomposir 
tion and color. 
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830. Chrome obcen. — On adding sul- 
preparaium phuric acid and a few drops of alcohol to a 
%^m^f solution of bichromate of potassa, the solu- 
tion is immediately changed from red to 
green. The alcohol has taken oxygen from the chro- 
mic acid, and converted it into oxide, which remains 
in solution, as a soluble sulphate. Port of the sulphu- 
ric acid has at the same time combined with the potassa, 
to form sulphate of potassa. It is to the presence of 
the sulphate of chromium in solution that the color of 
the liquid is due. By adding an alkali to the solution, 
a green precipitate of the hydrated oxide is produced. 
This oxide forms a kind of " chrome green." App. 830. 

MANGANATE& 

^^ , ^ 831. Chameleon mineral. — By fusion 

mdmm miner- with nitre, the black oxide of manganese 
^^ may be still further oxidized, and converted 

into an acid. The new acid at the same time com- 
bines with the potassa of the nitre to form manganate 
of potassa. This salt has been called chameleon min- 
eral, from the spontaneous change of color which 
takes place in its solutions. 

. ^^^ 832. Preparation. — The experiment 
leon mineral may be made by filling a pipe stem with 
^'^P* a mixture of the materials, and thrusting it 

into burning coals. It may be made on a still smaller 
scale before the blow-pipe, using a broken pipe-bowl to 
support the materials. The compound dissolves in 
water, forming a green solution, which on standing 
is gradually changed to a beautiful red. 
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833. Explanation. — ^The addition of a 
^on^o/9^- few drops of sulphuric acid, produces the 
phurie acid above-mentioned change instantaneously. 

upon tt . , ..... 

This acid combines with the potassa, 
setting the manganic acid at liberty. One portion of 
manganic acid then appropriates part of the oxygen of 
the other part, and converts itielf into hypermanganie 
acid, which still remains combined with potassa, im- 
parting the red color to the solution. The deoxydised 
portion of the acid precijAtates, at the same time, as bin* 
peroxide. Theremaining manganates are not of especial 
interest or importance. 



THE DAGUERREOTYPE. 

834. The daotjerreottpe. — ^The da- 
^»^o<j(pe guerreotype may be regarded as a painting 
^^y- in mercury, upon a silver surface. The 

employment of mercury is preceded by what may be 
called an invisible painting upon the silver. This is ac- 
complished, like the production of an image in a mirror, 
by mere presentation of the picture, or other object 
to be copied, before the prepared plate. The mercury, 
afterward used in the form of vapor, adheres to the' 
plate, and forms its white amalgam, just in proportion 
to the lights and shades of the previous image thrown 
upon the plate. 

D€senbethe 836. ThB DAGTJERREOTTPE PROCESS. 

nrooBw of tch In order to prepare the plate for what has 
^tfpUT^ above been called the invisible painting, it 
is exposed to vapors of iodine, and thereby covered 
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with a coating of iodide of silver.* A picture >r face 
to be copied being presented before (he prepared plate, 
the light which proceeds from it acts chemically 
upon the iodide of silver. It decomposes it, to a 
certain extent, and separates the iodine, thus open- 
ing the way for the mercurial vapor, which is afterward 
to be emjAoyed. The light has this effect, just in pro- 
portion to its intensity. That which proceeds from the 
lighter -portions of the face, or dress, has most effect ; 
that £rom the Uack portions, none at all, and that from 
tfie inteimediate shades, an effect in exact prpp(»tipn 
to their brightness. When the plate is afterward ex- 
posed to the action of the mercurial vapors, they find 
their way to the silver surface and paint it white, just 
in proportion as this chemical effect upon the iodine 
has been . produced, and the way has been opened for 
their admission. The darker portions of the plate are 
pure silver. They appear dark in contrast with the 
white amalgam.f 
^^ . , 836. Use of the lens.— In taking da- 

What Uthe , . , , ^ , 

^itf^ «/ tk$ guerreotypes, a lens is placed between the 
^^^ object to be copied and the plate, in order 

that the light which proceeds from the former may be 
ooncentmtedij and its effect thus increased. 



* Bromide and chloride of iodine, are employed to gire additional 
Menntiyeness to the plate. The iodide is thus mad» to eontani a pot' 
ttoB of Jitattide mA oUoridii of taXxtt. 

f ^e airi of t$]ciog poricaits from the life by the D^guerreotpe pro* 
ofliMf.was inTeoted by. Br. J. W. Draper, of the Uniyersity of Now 
Tort 
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.^ . .^ 837. Chbmicai. action of light. — ^The 

what w tata 

of thechrnni- chemical action of light, oof which the 
I^A</'"w^* production of daguerreotypes depends, is 
faf9po9$eM 0QQ of the most interesting and remarkable 
of chemical phenomena. The rays of 
the sun axe so subtle, that they pass through solid crys* 
tal and leave no trace of their passage. Yet with them 
comes a power that can overcome the strongest chemical 
afGinities, and resolve the compounds which it has pro^ 
duced into their original elements. This power resides 
in what are called the chemiealj cietenic, or tithonic rays. 
These are mingled, under ordinary circumstances, with 
those of light, but are capable of separation by certain 
media. 

What are pfKy 838. Photogkafhs. — ^Pictures p^oduced 
tographs f throtigh the agency of light, whether upon 
silver, or paper, are, properly, photographs, or lighipio- 
tures ; the name, however, is especially approprmted 
to the latter. For the purpose of illustration, a method 
of producing negative pictures, as they lq:e called, will 
b^ here given. 

ffowissensi^ 839. The sensitive paper required in 

Uve paper the process, is prepared by floating a slip of 
prepare letter-paper, for two or three minutes, upon 

salt water ; and then for double the time, with the same 
side down, on a solution of nitrate of silver. Chlop 
ride of silver forms within the fibres, and renders the 
paper sensitive to light. After each immersion, the slip 
should be dried off by blotting paper. When finished, it 
should be immediately laid away between the leayee 
of a book, for protection against the light. 
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^^ 840. Snch paper, if placed in direct 

ka$diftet9uti' imn light, becomes violet, and then dark 
•^w^ brown, in the conrse of a few minutes* 
jMf / The change is owing to the partial decom- 

position of the chloride of silver. A new substance, 
of darker color, is then produced ; whether a lower 
chloride of diffeient shade, or a mixture of metal and 
ehloride, or a compound of oxide and chloride, is not 
very certainly known. 

841. If a cross or other device cut 
ietbewro' « fiom dsik paper, be pressed down upon 
^^f sen- sensitive paper, by means of a glass plate, 
miwep^terf and be left to cover it during the exposure 
to light, the paper will be pro- 
tected beneath it, and an exact 
copy of the device thus ob- 
tained. The most delicate lace 
may be copied by the same method. In reproducing 
engravings by this means, they must be previously 
rendered translucent, so that the unprinted portions will 
allow the light to pass. This may be accomplished by 
waxing them, with the help of a hot iron, or by simple 
oiling. The dark parts of the engraving appear light, 
bnd the light portions dark, in the picture. By copying 
the copy, a true representation of the original devicCi 
called a " positive picture," is obtained. Both the " pos- 
itive" and " negative" are soon destroyed by the action 
of light upon the whole sensitive surface. But the 
means exist for rendering them entirely permanent in 
any exposure 
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^ . . ., 64St. The silvkb flOLtrrioHs.— To prepare 
«er to7««(m the Silver somtion, above required, put a 
prepared f three cent piece into a test-tube, having a 
diameter a little larger than the coin itself. Then fill the 
tube to the depth of an inch, with a mixture of equal 
parts of nitric acid and water. The solution of the coin 
commences immediately. When it is completed, fill 
tip the tube with water, mix well by shaking, and the 
solution is ready for use. For the same quantity of 
salt solution, enough common salt to fill about two- 
Ifairds of an inch of the tube, may be used. 

843. A.NASTATIC pRiNTiNo. — ^This name 
M^y the is given to a process by which any kind 
J^^-^T of printed matter, may itself be converted 
»«v f into a plate, from which new copies may be 

printed. It consists, essentially, in the transfer of the 
letters, or other design, to zinc, by pressure, the paper 
having been previously moistened by dilute acid. 
The oil of the ink remains, and the paper is re- 
moved. The zinc plate is then used, like an ordi- 
nary lithographic stone. When the inked roller is 
passed over it, the ink only adheres to the design, from 
which an impression may then be taken by the ordi- 
nary process. 

Whatieeaidof 844. COUNTERFEITING.— Bank uotcs may 
eaurUerfeiHng ^^ counterfeited by either of the above 
yroeesef processes. Great apprehension has been 

felt, lest they should render the use of paper money en- 
tirely insecure. An effectual means of protection 
against such counterfeitin g, has recently been devised.* 
* Seropyan*8 patent 



Copying by the anastatic proceed, pbTiously depends 
upon the absence of oil from the back ground of the 
picture. The employment of an oil tint, instead of 
blank paper, for the back ground, is therefore a perfect 
security against it. Counterfeiting by the photogra{diic 
process depends on the fact, that the light which falls 
on a picture is intercepted by the dark letters. If they 
axe printed in a transparent blue, the chemical rays 
are permitted to pass through the printed as well as the 
unprinted portions. A copy with the contrasts of the 
original picture is thereby rendered impossible. By 
printing with blue ink, on a back ground of some other 
color, both of the securities against counterfeiting 
above mentioned, are combined. 

CHEMICAL AKALTSia 

- .. , 845. Direct method. — ^In the process 
jfHi hy «o^ of analysis, advantage is taken of the dis- 
venti, tinguishing properties of different sub- 

stances, to effect their detection and separation. They 
may sometimes be separated by the employment of a 
solvent which acts upon one, and leaves the other un- 
dissolved. The separation of silver from gold in the 
process of assaying, is a case in point. . 
DetcHhe di- 846. A more common method is to bring 

rect analysis ^hc wholc substancc iuto solution, and 

6.y prtcipitor 

Hon. afterward separately to precipitate its sev- 

eral constituents, by agents which have no effect upon 
the rest. The separation of alumina from lime may 
serve as an example. A mixture of the two being dis- 
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«>lved in acid, the former may be fxrecipitated by am- 
monia. The latter remains in solution and may be 
afterward removed by some other agent. 

847. Indirect METHODS.-~-Indirect me- 

Uliutrate the • , - , . , ^ 

in^reet methr thods of analysis are much more frequently 
^ . employed than either of the above. The 

detection of silver in a copper alloy may serve as an 
example. The alloy being first dissolved, hydrochloric 
acid is added to the solution, as a test. The appearance 
of a white insoluble curd, is taken as conclusive evi* 
dence of the presence of silver. No other metal of an 
alloy ever combines with the chlorine of hydrochloric 
acid to form such a precipitate. The evidence is quite 
as satisfactory to the chemist as thai which would be 
obtained by the separation of the silver in the metallic 
form. 

848. Neither is separation necessary, in 
foHght calcu' Order to ascertam the exact weight of the 
latedf metal which has been precipitated. Ad- 
vantage is here taken of the well-established law of 
combination by definite proportions. The chloride of 
silver produced in the experiment, is invariably of the 
same proportional composition. It is made up of an 
atom of silver, to every atom of chlorine. Its weight 
being ascertained by the balance, the amount of silver 
which it contains may be calculated with absolute pre- 
cision, by help of the table of atomic weights. This 
weight being compared with that of the original alloy, 
gives, by a simple calculation, the per centage propor- 
tion of silver which the alloy contains. The nature and 
quantity of other constituents, whether of compounds 



8M ensmeiL akaltus* 

or miztttreS) is determined by processes analogous to 
those which have above been described. 

849. Skparation into groups. — In the 
^VVJ^' analysis of substances containing many con- 
m>uf^0et» stituents, a separation into groups, precedes 
the isolation of the individual constituents. 
This is effected by the use of certain agents, in suc- 
cession, which have the property of precipitating whole 
groups. These being again dissolved, are commonly 
subdivided into smaller groups by similar means. The 
detecti<m and separation of the individual constituents 
is finally accomplished by means already indicated. 
Some general idea of the process of inorganic analysis 
may be obtained firom the foregoing. Particulars upon 
this subject must be sought in works on analytical 
chemistry. 
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CHAPTER L— GENERAL VIEWa 
^ , , 860. DEriNiTxoN. — Organic chemistry is 

Of vthat aoe» 

organic chem- that dirision of the science which treats 
ittry treat t ^f substances of animal or vegetable ori- 
gin. Starch, wood, gums, and resins ; the juices, colo- 
ring matters, and fragrant principles of plants; the 
blood and flesh of animals ; all come under its conside- 
ration. The process of germination, in which the 
plant first comes to be a living thing ; the processes of 
decay and putrefaction, in which it returns again to the 
earth and atmosphere, are also to be trea:ted under this 
division of the subject. Most organic forms of matter 
experience peculiar changes, and are converted into 
new substances by chemical means. The products of 
such transformations belong also to organic chemistry.* 
861. Variett of organic matter.—^ 
wiriety of or- The variety of organic matter is almost 
ganic matter, without limit. Every color of every dye, 
every flavor of every sweet or bitter herb, every gum, 

* Carbonic acid, 'water, bone ash,andBome other enbetanees, are ex- 
ceptions to the above rale, and are conmioBly treated under the head 
of inorganic <dienuetry. Though often produced from animal and 
vegetable snbAtances, they also exist, ready formed^ in nature, or may 
be readily made from organic or mineral matter. 
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and every resin, is a distinct organic substance. In 
the animal body, also, there is scarcely less variety. 
The fluids which dissolve the food, the blood which 
distributes it throughout the body, the. color whrch tints 
the skin and hair, and the milk which nourishes the 
young, are a few of the substances which it includes. 
862. Materials of vegetable growth. 

tVhat are the --_. , , . /. .^ n 

materialaof With the exception of the small proportion 
vrov^hf ^^ mineral matter which is derived from 

the earth, the materials out of which aiJ 
animal and vegetable matter is formed, are but few in 
number. Carbonic acid, ammonia, and water, are all. 
These are partly obtained from the air, and partly from 
the earth. Carbon, hydrogen, oxygen, and nitrogen, 
are the four elements which enter into their compo- 
sition. 

What i» re- ^^^' Conversion of the materials.— 

markabie in A vital force slumbers within the seed, 
f^iiet'whuh which ill germination wakes to life. Call- 
reiuli ? ing to its aid the light and warmth of the 

sun, it weaves, as it were, out of the scanty mate- 
lials which have been mentioned, all of the varied 
forms of vegetable matter. Among the materials, one 
is a tasteless solid ; the rest are tasteless gases. Yet 
sweet, sour and bitter flavors result from their combi- 
nation, with all the other boundless variety of the or- 
ganic world. 

864. Similarity of composition. — ^Yet 
rt^ic^^lfsim- more remarkable than the limited number 
Uarityofcom^ of elements, from which so great a variety 

p<mtumw%th ' . i. j • r. 

different pro- of Organic substanccs IS formed, is the 
'^'*'*' similarity of composition in many sub- 
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Stances, which are yet so widely different in their pro- 
perties. Vinegar differs from alcohol, for example, in 
containing a little more oxygen and a little less hydro- 
gen, while the proportion of carbon in each is the same. 
Ether, also, contains the same amount of carbon as the 
alcohol from which it is formed, with a little less hydro- 
gen and oxygen. Yet these substances are all widely 
different in their properties. 

Mention Bome 856. IDENTITY OF COMPOSITION. ^MoSt 

^uh^rtdif^ remarkable of all, and at&st view incred- 
ferent in pro- iblc, is the fact that many organic sub- 
^td^eal in Stances which are as widely different in 
tcmporition, properties as any which have been named, 
are still precisely the same in their composition ; not 
alone containing the same elements, but containing 
them in precisely the same proportion. The most careful 
chemical investigation finds no difference of composition 
in wood, gum, and starch. The sugar which sweet 
milk furnishes, and the acid which exists in the sour, 
contain identically *the same proportions of the same 
constituents. The oils of turpentine, lemon and pepper, 
so different in their taste, contain an equal quantity of 
carbon and hydrogen, without the addition of any 
third substance to either, to account for the difference. 
Chemical investigation has thus brought us to results as 
strange as the dream of the alchemist, who believed 
that lead might be converted into silver, and copper 
into gold. All such substances, possessing the same 
composition with different properties, are called iso- 
meric bodies — a term signifying their similarity of com- 
position. 

15 
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„ , 856. wAjBftANGKMXNT or ATOMS. — Atal088 

Mew are tM . ^ 

a6oM/fcr«ac- for any other way of accounting for such 
wunudfarf difference of properties, we axe compelled 
to believe that it is because of difference of atomic 
arrangement. We have seen, in the case of iodide 
of mercury, mentioned in a former chapter, that a 
mere touch, which produces motion and re^aiiange* 
ment of its atoms in smaller groups, at the same time 
changes the color of the compound from yellow to red. 
Now the molecule of lactic acid, although containing^ 
the same relative proportion of all of its constituents, 
is smaller than the molecule of sugar of milk. It con- 
tains six atoms of carbon, six of hydrogen, and six of 
oxygen. The molecule of sugar of milk contains 
twelve of each, and can therefore furnish material to 
make two of acid, as it does in the souring of milk. 
And we may suppose that the change from sweet to 
sour is owing to this subdivision of the molecules. 
«. . .. 867. There are other cases of identical 

How u dtver- . . , • , , t-m 

9U^ of prop- composition, m which there is no difference 
cmmt^for whatever in the size of the molecule, or the 
when there i» number of atoms which enter into its com- 
If wml^' position. This is the case with the oils of 
iton or sizef turpentine, lemon, and pepper, and perhaps 
with wood, starch, and sugar. The molecules of each 
are composed, not alone of the same proportion of the 
elements which enter into its composition, but, as there 
is reason to believe, of the same number of atoms of 
each. We are therefore compelled to look for the differ- 
ence which shall account for their peculiar property, in 
a different arrangement of atoms, inside of the mole- 
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eules themselves. A more satisfactory idea of this sub- 
ject can be obtained after reading what follows, on the 
subject of organic radicals. 

Give an in- 868. SUBSTITUTION. — ^A Still morc re- 

'f?^ ^'Z f**^ markable evidence of the influence of ar- 

sMutton that 

doet not affect rangcment or grouping of atoms, remains 
properties, ^^ ^ mentioned. The internal arrange- 
ment of a molecule remaining the same, it seems to 
matter little, in many cases, of what it is composed. 
Hydrogen may even be replaced by chlorine, a body 
as widely diflferent from it as anything which nature 
affords. By this means, ordinary acetic acid is con- 
verted into chloracetic acid, a body remarkably anal- 
ogous in its properties to the acid from which it is 
formed. Prom this, again, by withdrawing the chlo- 
rine and restoring the hydrogen, the original acetic acid 
is reproduced. 
869 Ttpes. — The last example will 

What u said 

of the doctrine serve as an illustration of the doctrine of 
tJ^uti^sf chemical types and substitution, which cer- 
tain chemists have endeavored to extend to 
all organic bodies. It has been maintained that the 
properties of these bodies depend solely upon arrange- 
ment, without any reference to the nature of the ele- 
ments combined* The fact is, that while there are 
many cases of such substitution without essential 
change of properties, it is always attended by more or 
less modification of the original substance. The 
properties of a compound are therefore to be regarded 
as depending neither upon the nature or arrangement 
of atoms alone, but upon both causes combined. The 
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iype, is the group which remains permanent, while the 
individual atoms which compose it are changed. 

IUu9i ate the ^^^' ^^^^^^^^ RADICALS. — ^Many or- 
eubject of com- ganic bodies, although compounds, com- 
]^undradi' ^^^ themselves as if they were elementary 
substances. Some of these are, as it were, 
metals ; forming oxides, chlorides, and salts, like the 
true metals, which have already been considered. 
Others correspond more nearly to the metalloids. Each 
being organic, and like a metalloid, the root of a whole 
series of compounds, is called an organic rcuiicaL The 
term radical is sometimes applied, for similar reasons, to 
chlorine, bromine, and other elementary substances. 
As the organic substances above referred to, are com-, 
posed of different elements, they are called compound 
radicals. 
^, 861. Illustration.— A molecule of or-r 

vrtve 0)1 ex€tm' 

pie of a com- dinary ether is composed of four atoms of 
jxmndradicai. ^arbon, five of hydrogen, and one of oxy- 
gen. But the carbon and hydrogen atoms are grouped 
together, forming a compound radical called ethyle^ 
with which the oxygen is then com- ^T^ 

bined to form ether or oxide of ethyle. gfu^gjut 
Alcohol, as illustrated in the figure, is ^^BEEK /g\ 
the hydrated oxide of this radical. Al- ••••• ^ 
dehyde, a substance to be hereafter more particularly 
described, has the same composition as alcohol, with 
the exception that two atoms of hydrogen have been 
removed from the radical. Acetic acid is formed from 
aldehyde by the re-placement of the removed hydrogen 
by the same number of atoms of oxygen. Ethyle itself 
may be prepared indirectly from the oxide, as potassium 
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J8 obtained from potassa or oxide of potaasiam, although 
by a different process. 

What were the 862. It is but a few years since the 
^^f^thee^ method of producing ethyle was discovered, 
ittenee of butchemists believed in its existence al- 
tuito ti«^#. "i^fit as confidently before, as now. They 
covery? reasoned that ether, which possesses the 

properties of an oxide, must have its radical, as Sir 
Humphrey Davy reasoned that potassa, soda and lime, 
must each contain its metal. 

863. Homologous series. — Certain of 

Whai are ho- . i , . , • 

mOogwa these compound radicals sustain to each 

tenesf other a curious numerical relation. They 

form a series in arithmetical progression, differing from 
each other in composition, by a common difference. 
Two atoms of carbon with two of hydrogen forms the 
common difference of the series referred to. Methyl, 
the radical of wood spirit, begins the list with two atoms 
of carbon and three of hydrogen. Ethyle follows — its 
composition being expressed by the addition of the 
common difference to the last. Margaryl, a radical 
contained in certain fats, is the seventeenth member of 
the series. ESach of these radicals has, like ethyle, its 
own oxide or ether, its hydrated oxide or alcohol ; also 
its aldehyde and its acid. A series of radicals, ethers, 
alcohols, aldehydes and acids, each in arithmetical pro- 
gression, is thus produced. Such series are called Ao- 
nu>log(m9. 

864. Production. — There are many gaps 

How are the , _ , . i . , / , . 

Afferent mem- m most of the series, but the law of their 
bertproducedi progression is SO well established, that no 
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doabC can exist as to the probable production of the 
missing members. The most complete of the series is 
giren in the Appendix. Several of its more simple 
members toby be produced by the action of nitric acid 
npon those higher in the scale. The acid has the effect 
of burning out part of their carbon and hydrogen, and 
thns reducing the relative proportion of their constitu- 
ents. 
„„ . ., 866. Progression or properties. — 

What t« taut rn, . , ... - i. 

of the relation There IS also a Similar progression of pro- 
^nerti^f^^^ pcrties in the series. The earlier mem- 
bers of the alcohol series are highly vol- 
atile liquids ; the later are solids at ordinary tempera- 
tures. Each increase of the relative properties of car- 
bon and hydrogen produces a substance which is more 
fixed. In other words, the boiling point is higher for 
each successive member. The difference for each is 
about 34® P. The density of the vapors increases by 
a similar law. It is thus possible to predict, with accu- 
racy, the boiling poirit and density of vapor in members 
of the series which have not yet been discovered. 

866. Radicals not isolated. — The 
aanie radicaU larger part of the organic radicals have not 
UeniKAiUedf yet been isolated. They ate only known 
in their compounds, and the belief in their existence 
rests on the reasoning which has been given in a previ- 
ous paragraph. This is regarded by chemists as abun- 
dantly sufficient for giving them names and places 
among chemical compounds. It is still, however, to 
be borne in mind, that the reasoning is not of the nature 
of absolute demonstration. 
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Motion MM ^^'^' Substitution compounds. — It was 
instances of stated, in a previous paragraph, that there 
Hono/radi- suTc many cases of substitution of the ele- 
**^ ments for each other, without material 

change of properties. Certain cases of substitution of 
organic radicals for the elements remain to be men- 
tioned. Theoretically considered, they form, perhaps, 
the most important discoveries which have for years 
been made in organic chemistry. Ammonia, as the 
student is already informed, is a volatile base whose 
molecules consists of one atom of nitrogen and three 
atoms of hydrogen. For one of these atoms of hydro- 
gen, a molecule of the radical ethyle may be substituted^ 
without very materially affecting its properties. The 
new ammonia thus formed is, like the first, a volatile 
base resembling the first so nearly in odor that it must 
have been repeatedly mistaken for it when accidentally 
produced. It is, however, a liquid at ordinary temper- 
atures. This body haa received the name of ethyla- 
mine. Methylamine is another body of the same series, 
produced by the replacement of two of the atoms of am- 
monia by the radical ethyl. Triethylamine is a third. 
By a similar substitution of hydrogen in ammonia by 
the radical methyl, another series is produced. Other 
radicals yield other series. 

. 868. Other substitutions. — ^There are 

eases of suh- Other bodics which result from the substi- 
stthuum, tution of different radicals or the metal pla- 

tinum, for the different atoms of hydrogen. Substitu- 
tions may even exist in the substituting radicals. All 
of these bodies retain the type of ammonia, and all of 
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them have basic properties. Many of them are strikingly 
similar to ammonia in odor and other properties. These 
substitution compounds afford still further evidence of 
the influence of arrangement of atoms and molecules 
in determining the character of chemical compounds. 
Many of these bodies differ very widely in their com- 
position, and are yet closely allied in their properties. 
The methods of producing the substitutions above 
mentioned, are not of interest to the general student. 
A general notion of substitutions may be obtained from 
the double decompositions with which the student is 
already familiar. 
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CHAPTER n. 



VEOETABLE CHEMISTRY. 

What is Mid ^^^' GrERM* NATION, — Before the process- 
nfgerminatim es of transformation of the materials of the 

and the ehan- i j i • « . 

ffes which at- earth and atmosphere mto the mnume- 
tendttf Table products of the vegetable world can 

commence, a rudimental plant must be developed from 
the seed. The seed itself contains the 
materials for its production. These are 
principally starch, and gluten,* or the other 
substances analogous to each, which have 
already been described. The first stage in 
the process is the absorption of moisture 
and oxygen from the air, and the conse- 
quent production of dtastase.'\^ This sub- 
stance has the remarkable property of con- 
verting starch into sugar, and rendering soluble all of 
the remaining gluten of the seed. By the appropria- 
tion of these materials, which have been stCNted up for 
it in the seed, the germ is developed into a perfect 
plant. It lets down its root into the soil in search of 




* Gluten is the stringy substance which remains on removing the 
starch from dough by long continued kneading. It is farther described 
' in a subsequent paragraph. 

f Diastase is an oxydized gluten, which is always produced from 
gluten in germination. 

15* 
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mineral food, and lifts its leaves into the atmosphere, 
from which it is to derive its principal nourishment. At 
this point, the true vegetative process commences. 
,„. ^ . - 870. Vegetable nutmtion.— Every 

What uthe ^ 

ogUe of leavea leaf is a net to catch the fertilizing con- 
^-^^ ^ stituents of the air, and appropriate tliem 

to the uses of the plant. It drinks them in through its 
countless pores, while the root sup^ies the remaining 
material and sends it upward in the rising sap. All of 
these materials meet in the leaf, which is the labora- 
tory in which their conversicm into vegetable matter is 
to be accomplished. The light and heat of the sun 
co-operate with the vital forces of the plant, in the 
transformation which succeeds. 

871. Whatever proportion of carbonic 
evoivJfrwn acid and water may be employed as the 
pianu f j^^ material, it is obvious, by comparison 

of their composition with that of vegetable substances, 
as hereafter given, that the oxygen is furnished in 
larger quantity than is required. Water alone supplies 
a sufficient quantity of this element, and more than 
enough for most substances that are to be formed. As 
the process of transformation proceeds, this gas is there- 
fore constantly thrown off into the air. It is the refuse 
of the manufacture. Inasmuch as the evolution takes 
place from the leaf and other green parts of the plant, 
it is reasonable to suppose that this is the point where 
the process of traasformation is principally conducted. 
The gum, sugar, or other materials produced^ are dis- 
solved in the descending sap, and transformed into 
other products, in the course of their circulation. 




. omes OF THE BOOT. J3fr 

a /A« ®'^** '^**® agency of the ieavw of 

eoo^vitofi o/ plants in absorbing and decomposing car- 
u^v^^pro- ^^^^ ^^^^ > ™*y ^ illustrated by the'simple 
ted bjf expert- means represented in the figure. 'A glass 
funnel being filled with leaves, and slightly 
carbonated water, is exposed to the sun. 
Oxygen gas is gradually evolved from 
the absorption and decomposition of the 
carbonic acid, and collects in the tube 
of the funnel. The oxygen may be 
tested by the usual means. The inveision of the fun- 
nel without loss of its contents, is easily effected, by 
covering it with a saucer and turning it in a pail of 
water. 

873. For certain transformations of ma- 
frrmatitnu oc terial in plants, the evidence is entirely con- 
curinpiantsi ^i^^jgj^^^ The sugax beet and turnip are 
sweetest in Uie earlier stages of their growth. Later 
in the year they become hard and fibrous. This change 
is undoubtedly owing to the conversion of the sugar, 
contained in the sap, into woody fibre. In the ripening 
of graiui the sweet and milky juice of the young plant 
is converted into starch. Both hay and grain, which 
are harvested too late, are deteriorated by the conver- 
sion of a portion of their starch and sugar into wood. 
In the ripening of fruits a portion of their acid is con- 
verted into sugar, as is evident firom Aeir change of flavor. 

874. Offics of the root. — The agency 
How U t/ie ae- ^f |.j|e roots in supplying the plant with its 

turn of the . , ^ , , .„ , » . 

rooi9tUu9' nuneral food, may be illustrated by the 

'ierim^r' apparatus represented in the figure. In 

preparation for the experiment, a glass fun- 



w 
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nel is tightly covered with a piece of blad- 
der, and then filled with a solution of sugar 
or salt A tube is then fitted, air tight, to 
its extremity. A glass vial, from which 
the bottom has been removed, may be sub- 
stituted for the funnel in this experiment. 
On placing the apparatus, thus arranged, in a 
vessel of water, the latter penetrates the ani- 
mal membrane, and adds itself to the con- 
tents of the funnel. The flow of the water 
is called emfosmose, and is made apprecia- 
ble to the eye by the rise of liquid in the tube. An 
exosmose^ or flow of a small portion of the contents of 
the funnel outward, takes place at the same time. 
„ , . . 876. The phenomenon exhibited in the 

Sxplatnthe _ . . , - ^ 

fhtfunfunon, abovo experiment, is to be accounted for 
of endMmo^. y^^ ^j^^ difference of capillary attraction m 
the bladder for the two liquids. The spongioles, with 
which the extremities of the roots are provided, being 
filled with solutions of gum and sugar, act similarly 
upon the liquids of the soil. The endosmotic action, 
above described, is not confined to the roots of plants, 
but occurs in all their organs, through the walls of the 
minute cells of which they are composed. In connec- 
tion with the transpiration of water from the leaves, 
it is {MTobably the principal cause of the circulation of 
the sap. The relaticm of the plant and soil is further 
considered in a subsequent chapter. 
,^ ,. 876. Constituents or plants. — Among 

Menttan 9ome , . ^ 

9fthe more the more important of vegetable substances 
JrS«tf"««*-*'* are wood, starch, sugar and gluten. Woody 
fibre forms the mass of the plant ; starch 
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and gluten collect in the seed ; while sugar and gum 
exist principally in the sap and fruit, or exude from 
the biurk. 



WOOD. 



Mention dif^ S''''' WoODT FIBRE.— Woody fibre, Of 

ferewtfvnM which the fibrous threads of cotton or flax 
^« ew^^ nasty serve as an example, is composed of 
fotUwi^ carbon, hydrogen and oxygen. Its mole- 

cule contains twelve atoms of carbon, to ten of hydro- 
gen and ten of oxygen. It constitutes the solid mass 
of all vegetable organs, whether hard and firm, like 
the fibre of the oak ; soft, like the pulp of fruits ; or 
fibrous, like cotton and flax« In one or the other of 
its forms it therefore serves us for shelter, clothing and 
food. It forms in plants the cells in which the vege- 
table juices are contained, and the veins or pores 
through which they circulate ; and has thence received 
its name of cellulose. In wood, these cells are often 
lined or filled with a substance of similar composition, 
to which the name of lignin has been giv^. 
^ . 878. Ohan^se bt heat — gas, char- 

ffaw is it ^^ 1 , . /I ' /. 

changed by COAL, ETC. — Under the influence of 
^^^^ a high temperature, without access 

of air, wood is converted into charcoal, water, 
gases, wood vinegar, and tar. It is to be observed 
that this change is the simple result of a re-ar- 
rangement of the atoms of the wood itself, with- 
out the help of additional oxygen or other ele- 
ments. It is a most remarkable instance of va- 
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riety as produced by varied arrangement The neW 
mbataneea are, aif it vere, different patterns, woven 
from the same colored threads. The gases, of which 
carbonic acid, light and heavy carburetted hydrogen 
are the principal, have been already described. Wood 
vinegar and wood tar form the subjects of subsequent 
paragraphs. An excess of carbon remains behind as 
charcoal. The process is called dry distillation. The 
decomposition may be illustrated with saw-dust, in a 
test tube, as previously described. 

879. SmiLAB CHANGE IN NATURE PEAT. 

Mention a«t-_ .. __ __ _ 

mUar change Peat IS formed by the decay of vegeta- 
»ii Atuure, 1^1^ matter under water. The green slime 
which forms, in the summer, upon stagnant water, is 
composed of minute plants. These die, each season, 
and sink to the bottom, until, in the course of years or 
ages, vast accumulations of vegetable matter are the 
result. By their partial decay or putrefaction under 
water, they are converted into petit. The process is 
analogous to that of dry distillation, and the products 
similar. Carbonic acid and carburetted hydrogen gases 
are evolved, while a solid residue of peat remains be- 
hind. It may be regarded as a half-formed charcoal. 
Peat contains, in addition to its carbon, a little hydro- 
gen and a still smaller proportion of oxygen. The 
carbonic acid evolved in the above process, often makes 
its way to the surface, at some neighboring locality, 
in the form of a mineral spring. 

. . . 880. BrtuMiNous coal, — ^The formation 
•OK* eotO*^*^ of bituminous and anthracite coal is a con- 
/armedi - sequence of a similar decay of vast acctt* 



mulations of vegetable matter, which have been buried 
in the earth during prerious ages of its existence. As 
a consequence of pressure, the material takes a different 
form from that already described, and is found, afteor 
agea have elapsed, as bituminous coal. 

ffawaanthra- 881- ANTHRACITE COAL* ^Whoie WtU- 

eUe farmed f mous coal has been subjected to great heat, 
more carbon and hydrogen are expelled, and anthracite 
coal remains. A similar change takes place where bi- 
tuminous coal is heated by artifieial means. The coke 
wliich remains, is, like anthracite coal, nearly pure car^ 
bon. 

. 882. Pboduotion of nvmss. — Humus, 

musf fftnoU OT the vegetable mould of forests, is /ormed 
it produced F by the decay of wood or vegetable matter 
in the air. Such decay is a species of slow combus- 
tion. The carbon is more slowly consumed than the 
other constituents. The vegetable mould or humus 
which remains after the partial decay, is, therefore, like 
peat, much richer in carbon than the material from 
which it was produced. It is variable in composition, 
according to the progress of the decay. The access 
of oxygen from without being unlimited, it is found to 
remain in equal atomic proportion with the hydrogen. 
What u the 883. White kotten wooto. — ^White 

e^mpoeUionof rotten wood, which forms in stumps and 

white rotten ^ 

wodf the interior of trees where there is abun- 

dant moisture and deficient access of air, has a different 
composition. The water present becomes chemically 
combined, and the product may be regarded as differ- 
ing from the former, somewhat as a hydmted oxide 
differs from the oxide itself. 



„ 884. PacvKNTiyEs or dccat. — ^The ten- 

How ffuiy thi 

^dtcay cf wood dency of wood to decay is checked by 
beyrewtuedf acids, and also by certain salts. For 
this purpose, corrosive sublimate and chloride of 
zinc have been chiefly used. The process of impreg- 
nation with metallic salts is called kyanizing. 

886. Incombustible cloth. — Cotton 
rendered in- cloth immersed in a solution of phosphate 
eombuatibUf ^f magnesia is thereby rendered incombus- 
tible. Silicate of potassa is also used on wood for the 
same purpose. 

886. Effect of sulphubic acid on 
^ectofatd' WOOD. — Sulphuric acid chars or blackens 
j^u^aeuion ^^^ \yy abstracting a portion of the 
oxygen and hydrogen which it contains. 
The carbon is then left in excess, with its characteris- 
tic color. This action of sulphuric acid is a conse- 
quence of its strong affinity for water, the element; 
of which it appropriates from most organic substances 
Dilute sulphuric acid has another remarkable effect, t( 
be hereafter mentioned. 

. 887. Effect of nitric acid. — Nitric 

effect of nitrie actd gradually consumes wood and othe» 
acid on wood f organic matter, as effectually as if they 
were burned by fire. The final products of its action 
are also the same as those of ordinary combustion. 
This action is accompanied with the evolution of orange 
fumes, as when the same acid acts on metals. The 
first effect of nitric acid is to stain wood yellow ; foe 
which purpose it is sometimes employed. Nitric acid 
may also be made to combine with woody fibre, form-* 
•ing gun cotton. 
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What U ik€ 888. Effect of mubiatic acib. — ^Thifl 

m^Hatic acid ^^^ ^^ ^^ ^^^ Striking eflfoct oa wood 
w woodf or other organic substances. But chlorine 
decomposes and destroys them ; principally, in conse- 
quence of its affinity for hydrc^en, as before explained. 

What effect S^®' EFFECT OF ALKALIES. ^Alkaliog 

have alkalies havc the effect of hastening the decompo- 

on wood and - • j» - 

similar sub- sitiou of Organic substances* This effect 

stances / ^^ ^ p^^^^ ^^^ ^^ ^j^^ £^^ ^^^^ ^j^^^ promotO 

the absorption of oxygen from the air. Paper or cloth 
in contact with lime or potash, is found to lose its 
strength speedily, and finally to cnimble away. The 
theory of this action has already been given in the 
paragraph on nitrate of lime. Where the atmosphere 
is excluded, it would seem, from certain experiments, 
that lime has an opposite effect, and rather retards than 
promotes the decomposition of organic matter. 

What differ- ^®^* WoOD VINEGAR. The acid JMTO- 

ent mbstawses duct, as obtained in the dry distillation 

are contained ^ . . • i • -i . •. « 

in wood VIM- of wood, coutams, beside acetic acid and 
^^^^ water, a sort of alcohol, called wood- 

spirit, and an oily, colorless fluid called /creosote. The 
latter has the odor of smoke, and has the same 
effect in preventing the putrefaction of animal sub- 
stances. The effect of smoke is owing, indeed, to the 
kreosote which it contains. A dilute solution of this 
oil in water, is used in medicine and for curing meats. 
891. Wood tar. — ^Wood tar is a mix- 
^^f^*^ ture of various oils, and volatile crystalline 

ces are con- * * 

iainedinvnod solids composed principally of carbon and 
hydrogen. Kreosote, which is also ob- 
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tained from wood vinegar, is one of the oils. Anotlmr 
of them, called eiipion, has a [feasant odor, somewhat 
similar to that of the iSower called narcissus. Pittacal, 
a beautiful blue coloring matter, resembling indigo, and 
' parqfine, resembling spermacetti, are also obtained from 
tar. 

892. Coal TAR. — Coal tar 
ttoMet^e ^* produced from bituminous 
«>*"f"w»^ »* coal, in the process of mak- 
mg lUummatmg gas. It con- 
sists of numerous liquid and solid hydro- 
carbons, produced by the decomposition 
of the coal from which it was formed. 
Among them is napthaline, like camphor 
in appearance, and dissipated, like this sub- 
stance, by exposure to the air. Others are 
mentioned in the next paragraph. Coal tar, mixed 
with chalk, or other material, is used as a cement, and 
also as a material for covering roofs. 

893. UsErUL ' PRODUCTS FROM COAL 

iJ^^rJT* TAR.— The first product of its distillation, 
duets of eoal jg a light oil, commonly known as benzole. 
This may be substituted for spirits of tur- 
pentine, for a great variety of uses. Another heavier 
oil, which is obtained from it, is used as a solvent of 
india-rubber, and also for lubrication and illumination. 
In Europe, the pitchy mass, which remains on dis- 
tillation, is employed in moulding refuse coal dust 
into cakes, to be used as fuel. The light oil is also con- 
verted by the action of nitric acid, into an artificial e^ 
sence, siniilar to that of bitter almonds, used exten- 
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nrely fer scenting soap. Its vapor, mixed with air, is 
also burned as gas. The heavy oil may be converted 
by a dilSerent action of the same acid, into beautiful 
lemon*colored crystals of earbazoHc acid, a substance 
now used in Fiance as a yellow dye for silks and wool. 
„ ., 894. Oils fbom coal. — ^The oils may 

Mow are otl$ ,,., -!-•/• 

produced frmn be directly produced from bituminous coal 
^^^ itself, and in much larger quantities than 

from tar, by avoiding the high temperature to which 
coal is subjected in the jwoduction of tar and gas. 
The production of oils by this means promises to 
be a very important branch of industry. 

896. GuN-coTTON. — ^This material, so 

How is gun- . . , , • m 

eotumpre^ entirely harmless m appearance, has an 
P^^^^ explosive energy siqperior to that of gun- 

powder. It may be prepared by immersing ordinary 
cotton, for the space of j&ire minutes, in the strongest 
nitric acid. It is then to be washed thoroughly, and 
dried at a moderate heat, for fear of explosion. The 
material is found to have lost a certain portion of its 
oxygen and hydrogen, in the form of water, and to 
have assumed nitric acid, in its place. It is not how- 
ever changed in its appearance. A mixture of nitric 
acid with two-thirds of its volume of oil of vitriol, is 
found to be preferable to pure nitric acid, in the above 
experiment. The oil of vitriol assists in abstracting 
from the cotton the water which it is desired to replace 
by nitric acid. Gun-gotton is also called pyroxyline. 
Similar compounds, which are less explosive, may be 
prepared from sugar and starch. 
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What U Mid ^®^' ^** ^* GUN-COTTOW. — GunrCQttmX 

^ iuproper- 18 QOt likely, for several reasons, to super- 
****' cede gun-powder, for use in fire-arms. It 

is much more expensive, and so suddenly explosive as 
often to burst the barrels in which it is fired. Its ex- 
plosive forq^ depends, like that of gun-powder, on a 
sudden combustion throughout its whole substance, 
and consequent evolution of a large volume of mixed 
gases and vapor. Of these, carbonic acid, nitrogen, and 
aqueous vapor are the principal. 

897. Gun-cotton solution — coiiLoni* 

WhatitcoUo- ^ ,. , . , ^ 

dion / How i$ ON. — Gun-cotton dissolvcs m ether, form- 
Umadef ^^ ^ syrupy liquid, which, on evapora- 

tion, leaves behind a transparent, tenacious film. It is 
used, to some extent, in place of ordinary court-plaster, 
for covering wounds and protecting them from the air. 

ffowmayvH>od ^^^' ^^^^ CONVERTBD INTO SUOAK,— 

be converted Wood may be converted into sugar, by cans- 
o 9ugar, ^.^^ ^^ ^^ combine, chemically, with four ad- 
ditional molecules of water. This addition gives it the 
precise composition and properties of grape sugar, and, 
in fact, converts it into that substance. Poplar wood is 
found best suited for the purpose, and can be made to 
yield four-fifths its weight, l^o effect the conversion, 
the wood is first reduced to saw-dust, then moistened 
with somewhat more than its own weight of oil of vit** 
riol, and left to stand for twelve hours. Being subse- 
quently pounded in a mortar, the nearly dry material 
becomes liquid. It is then boiled with addition of 
water, and the transformation is completed. It only 
remains to remove the sulphuric acid, and evaporate 
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the syrup. The former object is effected by the addi- 
tion of .chalk and subsequent filtration, and the latter, 
as usual, by boiling 
„ . ^ 899. Wood contebted into gum.— 

Jiow t» toood 

converted into If the boiliug be Omitted in the above pro- 
^""* cess, the woody film takes the form of a 

gum, called dextrine, of the same composition as the 
wood itself, but soluble in water. Linen, or cotton 
rags, or paper, may be converted into sugar, or gum, 
by the same process. The sugar obtained is the same 
as that contained in grapes, and is therefore called 
grape sugar, and also glucose. It differs, somewhat, 
from ordinary cane sugar, as will be hereafter explained. 

STARCH. 

What i$ said 900, Description. — Starch is identical 

of the eompo- jn composition with wood and gum. It 

tition and .... i j u- i. 

ttructure of consists of mmutc enveloped grains, wnicn 
starch f ^^j^g^ g^jj^j discharge their contents when 

swollen by warm water. 

Where is ^^l. — OccuKRENCE.— Starch is found 

starch founds Jh abuudauce in most grains and other 
seeds; in the tubers of the potatoe plant; in many 
fruits, and in the pith of certain trees. In greater or 
less quantity, it is contained in all substances of vege- 
table origin which axe used as food. Horse chestnuts 
contain 12 per cent, of starch, and have been used in 
Europe for the production of flour. 

902. Starch from potatoes. — Starch 
^^rTfrti is prepared from rasped potatoes, by wash- 
potatoesf jjjg ^jjgjji Q,^ a seive. The water becomes 
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tnilkyy as it passes thrbngh, from the fine starch grains 
which it carries with it. These are allowed to settle, 
and being collected and dried, are brought into com- 
merce as potatoe starch. A cotton-cloth may be sub- 
stituted for the scire in this experiment. 
„ , ^ 903. Stabch f&om wheat. — ^If wheat 

made from, flour IS moistened With water, and exposed 
^^^ ' to the air, it enters into a putrefaction which 

destroys, in the course of a few days, the 
other constituents, and leaves the starch un- 
jKffected. The residue being then washed 
and dried, the manufacture is completed. Io- 
dine may be used as a test for starch, as described under 
the head of iodides. Gums and woody fibre, although 
of the same composition, are not similarly affected. 

904. Conversion of starch into 
converted into SUGAR. — •Starch, like woody fibre, may be 
"^^''^ conyerted into sugar through the agency 

of sulphuric acid. A dilute acid containing only jV ^^ 
its volume of oil of vitriol, is brought to the boiling 
point, and the starch then added by degrees while the 
boiling continues. A half hour or a little more suffices 
for the conversion. An infusion of brewer's malt has 
the same effect as the dilute acid. The sulphuric acid 
is then to be removed, and the syrup concentrated as 
before described. The sugar in this case also is grape, 
and not cane sugar. Such sugar is manufactured largely 
in Ehirope for adulterating cane sugar. In England 
its manufacture is prohibited by law. 
^ . • 905. Conversion op starch into gum. 

irantformsd By keeping the liquid near to the boiling 
mifffumf point, without actual boiling, the gum 
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^lled dexiriney is obtained in the above process, instead 
of sugar. It may also be prepared by roasting starch} 
carefully, with constant stirring, until it acquires a 
brownish yellow color. This gum is used largely in 
calico printing, for thickening colors. It is also used in 
making the so-called "fig-paste," and certain other 
kinds of confectionery. The composition of starch 
and gum is precisely the same. 
„- , . . , 906. Gum. — Gum arabic, and the gum 

what t» Baid ^ /. . 

of natural of fnut trees generally, is identical in com- 
^^*' position with woody fibre and starch. 

They are either soluble, like gum arabic^ in water, or 
swell up with it to form a thick paste, like gum tragor 
canth. The substance called pectine, which causes 
the juice of currants, and other fruits to stifien with 
sugar into a jelly, is also similar to the above sub- 
stances in composition. All of these bodies, like wood 
and starch, are convertible into sugar by the action of 
sulphuric acid. 



SUGAR. 
Where does ^'^' GrAPE SUGAR. ^Thc production 

grape sugar of this substaucc from wood and starch has 
already been described. It does not exist 
in the juice of grapes, as its name would imply. The 
sugar of the grape and other acid fruits, contains two 
molecules less of water. This is spontaneously convert- 
ed into true grape sugar or glucose, and found in in- 
crustations upon the surface of the dried fruit. Those 
firuits and trees which have but htde acid in their 
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juice or sap, commonly contain cane sugar. The 
sweetness of honey is due to grape sugar. This va- 
riety is much less valuable than that of the cane, from 
the fact that it has but little more than one-third of its 
sweetening effect. 

908. Cane sugar. — The sugar in com- 
oftheewnpo- mou use is principally derived from the 
^^ %idiu sugar cane, and thence receives its distinc- 
ariifieiai pro- tivc name. It differs in its composition 
from starch, wood, and gum, in containing 
a single additional molecule of water, while grape sugar 
contains four. It would seem from this com- 
position, that it would be more easily produced Ct 
by artificial means, from starch and similar 
substances. But this is not the fact. No 
modification of the process above described, 
has as yet been devised by which starch and wood can 
be induced to take one additional atom of water, in- 
stead of four. Such a process would be a discovery 
of the greatest importance, as it would enable us to con- 
vert our potatoe and grain fields at will, into sugar 
plantations, and make us independent of foreign sup- 
plies. The figure represents a crystal of cane sugar. 
The form belongs to the fourth system. 

909. Occurrence. — Cane sugar is 
pnncipai principally produced from the sugar cane, 
wurce$^ofeane f^^^ jj^^^g^ ^^j ^jjg American maple. But 

it is contained in smaller quantity in the 
sap of most plants, and in all fruits and vegetables 
which are not acid to the taste. The production of 
beet sugar in Europe, in 1850, was estimated at 190,000 
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tons. That of cane sugar in cane growing countries 

is incomparably greater. 

„ . 910. Production. — ^In manufacturing 

How %9 catie , . . . _ , 

tugar pro- sugar from the cane, the juice is first pressed 
duced^ out, between heavy iron rollers ; then clar- 

ified, and finally boiled down until it will crystalize on 
cooling. The granular crystals form the raw sugar ; 
the drainings, molasses. Lime is the principal agent in 
clarification. Its first e£fect is to neutralize the acid of 
the juice, which, as before seen, would gradually con- 
vert the cane sugar into grape sugar, and thus injure 
its quality. It also precipitates, with other impurities, 
Ihe gluten, which, as will be hereafter seen, tends to 
produce more acid. The methods of producing sugar 
from the beet and maple are essentially the same. The 
final purification of sugar by bone black has already 
been described. 

911. Molasses.^ — A large portion of 

How may tno* 

lanes be con- sugax is Ordinarily lost in the form of mo- 
tP«W »n/o lasses, from which it cannot be made to 
separate by crystallization. This is owing 
to the presence of impurities not separated by clarifica- 
tion, which interfere with the process, in a way not per- 
fectly understood. A method has recently been con- 
trived of avoiding the loss, and thus largely increasing 
the product of the beet and cane. Baryta added to the 
syrup, combines with the sugar, and takes it to the 
bottom of the vessel, as a solid compound of sugar and 
baryta, while the impurities remain behind. This pre- 
cipitate is then removed and diflfi|sed in water. Car- 
bonic acid being added, combines with the baryta, and 

16 
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leaves the sugar to form a pure and crystalliz^ble syrup. 
Another method of increasing the product of sugar has 
been described in the section on sulphurous acid. 



ALCOHOL. 

912. Production from sugar. — ^By 
produced fr(m the addition of brewers' yeast or some si- 
•^"•"^ milar ferment to sugar, it is gradually con- 

verted into alcohol. Two molecules of water are sepa- 
rated in the process. One-third of the carbon and two- 
thirds of the oxygen which remain, pass oflF as carbonic 
acid gas, while alcohol remains. The yeast enters into 
no combination, and furnishes no material in the pro- 
cess. ' It acts merely by its presence to eflFect the de- 
composition, as will be hereafter explained. 
JSxpiain the 913. In this proccss of conversion, each 

diagram, molecule of sugar makes two of alcohol, said 

four of the acid. The figure repre- gf^r^ /"VBI 

sents a molecule of grape sugar, after ^^ ^ ® ^TO 
the removal of two molecules of " 

water. An arbitrary arrangement is 
given to the atoms for convenience 
of illustration. On striking off 
enough carbon and oxygen from the 
corners to make the required amount 
of carbonic acid, the residue may be supposed to fall 
apart into two molecules of alcohol. Alcohol is also 
produced from cane sugar by fermentation. The first 
stage in the process is its conversion, by yeast, into 
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grape sugar. The latter is then changed into alcohol 

and carbonic acid, as above described. 

_ ' 914. Composition. — The composition 

What tsthe ^ •, -, t m ' t r, 

e&mpoHHan of 01 alcohol appears sufficiently from the mid- 
aleohol f ^^ groups of the preceding figure. Accord- 

ing to the theory of compound radicals 
it is a hydrated oxide of ethyle. The ^m^^^^t^^^ 
principal group of the annexed cut, ^S33^^/^ 
represents a molecule of the radical ; ^^^^•^^ 
the remaining circles stand for the oxygen and water 
with which it is combined in alcohol. 

„ . , , - 916. Production from potatoes and 
ffowt$aleohol , . - 

fnadefrompo- GRAIN. — Where molasses or solution of 
^^^ sugar is the material used, alcohol is pro- 

duced as already shown. But when potatoes and grain 
are employed as the material, a previous process is 
necessary by which the starch is converted into sugar. 
This consists in the addition of bruised malt to the 
mashed potatoes or grain. The diastase of the malt, 
has the effect of gradually transforming starch into 
sugar by its presence, as yeast converts sugar into 
alcohol. The mixture being kept at a temperature 
of about U(P, in a few hours the transformation is 
complete. The starchy mixture has become sweet, 
and receives the name of wort Brewers' yeast and 
water being then added to the wort, the conversion into 
alcohol commences. This is afterward separated from 
the water and refuse fibre of the potatoe or grain by 
the process of distillation, described in a subsequent 
paragraph. 
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Whaii$9aid ^^^' PRODUCTION FROM ILLUMINATING 

of the nroduc' Q^g, — ^Alcohol may also be produced from 

Uon of alcohol ^ * 

from olejiant heavy carburetted hydrogen, one of the con- 
^*' stituents of ordinary illuminating gas. This 

is one of the most remarkable results of modem science. 
Most of the processes of organic chemistry consist in 
taking apart the complex molecules of organic matter and 
reducing them to a simpler form, as was ilhistrated in the 
production of alcohol and carbonic acid from sugar. Na- 
ture, for the most part, jealously withholds from man 
the power so to direct her forces as to build up and 
produce more complex organic substances by the com- 
bination of those of simpler nature. This takes place 
as a general rule only under the influence of the vital 
forces of vegetable and animal existence, as when the 
plant produces sugar from the elements of the atmos- 
phere. The case is an exception to the general rule. 
jSxpiain its ^l^. By reference to the central group 

production. Qf ^^g figure which represents a molecule 
of heavy carburetted hydrogen, it will be seen that all 
that is necessary to effect its conver- ^^^^ 

sion into alcohol, is the addition of 5^^^ 

two molecules of water. By long ^^2222/^ 
agitation of the gas with strong sul- " WW99 \J 
phuric acid, the transference of part of the water which 
it holds combined is effected. On subsequent dilution 
and distillation, alcohol is obtained from the mixture. 
Carbonate of potassa is added in the process of distil- 
lation, to diminish the proportion of water which would 
. otherwise pass off with the alcohol. After repeated dis- 
tillation, strong alcohol is thus obtained. 




ALCOHOL. 860^ 

.,^ . .^ 918. Distillation op alcohol. — The 

Wnattsaatd _ _. .__ . 

ofthepresence proccss of distillation may be illustrated 
ofduttliattonf ^j^j^ jj^g simple apparatus represented in 
the figure. On heating wine, cider or beer in the test- 
tube, its alcohol will be ex- 
jielled as vapor and re-con- 
densed as a colorless liquid. 
The cooler the vial is kept 
the more perfect is the condensation. The apparatus 
commonly employed in the distillation of alcohol, con- 
sists of a large copper vessel in which the fermented 
wort is heated, and a long tube called the worm, in 
'v^ftich the vapors are condensed. The worm is made 
to wind in a spiral, through a tub of cold water, that 
the condensation may be more completely effected. 
The spirit pours out at the lower end of the worm, 
where it emerges from the tub. It may be strength- 
ened by repeated distillation. In order to obtain it 
entirely free from water, a highly rectified spirit is 
mixed with lime, or chloride of calcium, and re-dis- 
tilled. These substances have such affinity for water, 
that they prevent its escape as vapor, while they in 
no wise effect the distillation of the alcohol. By 
this means pure alcohol, or absolute alcohol, is ob- 
tained. 

Whatuspir- 919- Uses op alcohol.— Ordinary 

Us of wine? spirits of wine is a dilute alcohol contain- 

Mention some . , _ ^ ^ ^ v i ^ 

uses of aico' mg but about seventy per cent, of absolute 
^'^ alcohol. The taste and odor of alcohol 

its combustible character, and action as a stimulus, are 
too familiar to need further mention. Its density, and 
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boiling point, axe given in the Appendix. It is largely- 
used in medicine, and as a solvent of oils and resins, 
and many other substances which water does not dis- 
solve. Medicinal extracts of many roots and herbs, 
" cologne,'' and other perfumed liquids are thus pro- 
duced. 

What it the ^^' SPIRITUOUS LIQUORS. SpiritUOUS 

wurcf of the Hquors Contain alcohol in large but varying 
iiuou$H'^*^ proportion. They differ in their flavor 
gfior$f according to the material from which they 

.ace produced. Brandy is distilled from wine, rum 
from molasses, and whiskey from malt liquors. The 
latter name is also given, in this country, to the liq^r 
made from potatoes, com, and rye. In Europe, the 
latter are more commonly called brandies. 
ffmo are wine$ 921. WiNEs. — Wiucs are produced by 
produced f the fermentation of the juice of the grape. 
On exposure to the air, the gluten of the juice becomes a 
ferment, and causes the conversion of the sugar into 
alcohol. The addition of yeast is therefore unneces- 
sary. This is also true of the juice of the apple, pear, 
and other fruits from which fermented liquors are sim- 
ilarly iwrepared. 

Sow i$ Cham- 922. CHAMPAGNE. — Champagne and 

pagnemadef other Sparkling wiucs owe their peculiar- 
ity to the presence of carbonic acid, in large propor- 
tion. This is secured by allowing the last stages of 
fermentation to proceed in firmly corked bottles, so 
that all the gas which is evolved is retained. Or an or- 
nary wine is first produced by the usual process, and 
sugar and yeast are then added, to excite a new fer- 
mentation in the bottled liquid. 
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What is said ^'' Alcouol IN WINES. — ^Wines differ 

of *^P^^ in the amount of alcohol which they con- 
SIoZ in tain ; from five per cent., in the weakest 

wiMsf champagne, to twenty-five, in the strongest 

sherry. Those of southern climates are strongest, be- 
cause the grapes of those regions contain more sugar 
to undergo conversion into alcohol. Most wines also 
contain more or less acid and unfermented sugar. 
WhatiBtaid 924. Tartar. — ^Tho acid of wine is 

wine$f *** tartaric add, which exists in combina- 
tion with potash in the juice of the grape. It grad- 
ually deposits in wine casks in the form of apid tar- 
trate of potash or cream of tartar. This separaton 
of tartar is one source of the improvement of wines, 
and more particularly of the rhenish wines, by age. 

926. Flavor op wines. — The wine 

What is said _ , • , ■• i « . 

of the flavors flavor which belongs to all wmes, is 
of Wines f owing to the presence, in extremely small 
portion, of an etherial liquid called aenanthic ether. 
This substance does not exist ready formed in the 
grape, but is produced in the re-arrangement of atoms 
which takes place in fermentation. Its vinous odor, 
when separated from the wine, is most intense. It is 
prepared in Europe from grain spirit or cheap wines, 
and is used in this and other countries for producing imi- 
tations of wines of higher price. Potatoe whiskey is, 
commonly the basis of these manufactured wines. 
Beside the general vinous flavor, dilBFerent wines, like 
flowers, have an aroma, or bouquet, peculiar to them- 
selves. These are owing, to other and different flavor- 
ing substances, present in still smaller proportion, than 
the aenanthic ether. 
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926. Beer and alb. — ^Beer is the fer- 
liquor$ pre- mented extract of malted grain. The malt 
f^^^ is prepared by softening barley in water, 

and then allowing it to sprout or germinate. Diastase, 
which is formed in the process of germination, con- 
verts the starch of the grain into sugar, and thus pre- 
pares it for the subsequent process of fermentation. 
Yeast and hops are added to the extract of malt, which 
is called the wort, to bring about fermentation and 
help to give the product flavor. Ale is a similar malt 
liquor of different color. Porter is a darker variety of 
beer, made from malt which has been browned by 
roasting'. 

927. Conversion op alcohol into 
converted into ETHER. — ^Alcohol is Converted into ether 
ether f by heating with oil of vitriol. To illus- 

trate its preparation, equal 
volumes of strong alcohol 
and oil of vitriol may be 
thoroughly mixed in a test- 
tube, and the vapors con- 
densed in a cool' vial, as 
represented in the figure. 
A little sand may be added to the mixture with advant- 
age. The vial should be kept cool by means of paper 
repeatedly moistened, during the process. The space 
between the tube and the neck of the vial should also 
be loosely closed with wet paper. 
„ , . , 928. Explanation. — Alcohol is, as 

Explain the -»■,•,-, /• i • j /• 

above re-ac- above Stated, the hydrate of the oxide oi 
'**"*' ethyl. Sulphuric acid combines with the 
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oxide itself, on heating, forming a bi- g|p. 

sulphate, and at a little higher tern- gr uJ kCkim 
perature, yields it up again, as gaseous ^mBEEK/5) 
ether or oxide of ethyl. The change ^^^^^^^^^ 
in the alcohol consists, simply; in the loss of an atom 
of water. The whole figure represents a molecule of 
alcohol ; the lower portion one of ether. 

929. Production op ethyl. — The 
radical ethyl radical ethyl cannot, like many metals, be 
procured? directly produced from its oxide. Heat, 
or other means, applied to accomplish this object, 
destroys the radical itself. But the end may be 
reached by a circuitous process. This consists in first 
producing from the oxide, an iodide ^^^^^^^^ 
of ethyl, and then removing the iodine ^JdQkZ /^ 
by a metal. A colorless gas, of the * ^ 

composition indicated by the hydrogen and carbon at- 
oms of the figure, is thus evolved. 
„ . , , , 930. Conversion of alcohol into 

Sow u meokol 

converted into OLEFIANT GAS. The produCtlOn of alco- 

oUfiantgaBf j^^j ^^^^ defiant gas has been described 
in the section on hydrogen. The subject is again in- 
troduced, for the purpose of illustrating the change, by 
reference to the atomic composition of the two sub- 
stances. Representing the atom of ibr\ 
alcohol as before, it is converted by gj^i^g^ 
the removal of two atoms of oxy- ^ IQDSS 'o^ 
gen, and two of hydrogen, into olefi- ^ 
ant gas. The composition of this gas is indicated by 
the central group of the annexed figure. The ab- 
straction of oxygen and hydrogen is efiected through 
J6* 
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the agency of the sulphuric acid used in the process. 
It will be observed that the radical ethyl, which has re- 
mained permanent in the changes before described, is 
here destroyed, by the abstraction of a part of its hy- 
drogen. 

What i$ aide- 931. CONVERSION OP ALCOHOL INTO ALDE- 

*y*' HYDE. — ^Aldehyde is a clear colorless liquid 

of a peculiar ethereal odor, produced by the action of 

the air or oxygen on alcohol. It is the product of a 

partial, slow combustion, or erem^ 

catms of the alcohol, and forms the 

middle point in the conversion of ^^ AAi^ r\ 

alcohol into vinegar. It is for this ^^ WW9 \J 

reason that it is here introduced. 

^ . . » , 832. The two atoms of hydrogen, 

HowU alcohol - . - , J ^ • ^1. 

converted into which are bumcd out m the process, are 
aldehyde f indicated in the figure by smaller inscribed 
letters. By the removal, the radical ethyl is converted 
into the radical acetyl. Aldehyde is therefore a hy- 
drated oxide of acetyl. The characteristic odor of the 
substance is often perceived, in the process for making 
vinegar. It may also be produced by depressing a wire 
gauze upon an alcohol flame, and thereby making the 
combustion incomplete. 

933. Conversion op alcohol into vin- 
iS'ajjZatn a« ^^^^ — ^jf ^^\^x,Q alcohol is exposed to the 

eonvernon oj *^ 

alcohol into air, it is converted, by oxidation, into ace- 
vtnegar. ^.^ ^^ p^^ ^^ ^^ hydrogen having been 

burned out to form aldehyde, the oxy- ^(ii\ 

gen acts further to oxidize the aide- ^^^gdj^ 
hyde which has been produced. The /^y^^^HSH /a 
composition of each molecule is such ^^ ••w W 
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as is represented in the preceding figure. It will be ob- 
served that the oxygen added is just sufficient to sup- 
ply the place of the hydrogen removed in the formation 
of aldehyde. The latter substance being a hydrate t>f 
the protoxide of acetyl, acetic acid is a hydrated teiox- 
ide of the same radical. The presence of yeast or 
some other similar ferment, is essential in the produc- 
tion of vinegar, as vrell as in that of alcohol. 

Describe the ^34. PROCESS OF MANUFACTURE. A 

proeen. fo^ years since, vinegar was exclusively 

produced by the souring of wine or cider. At pres^ 
ent, large quantities are made from alcohol, by diluting 
it with water, adding a little yeast, and then exposing 
it to the action of the air. This is best accomplished 
by allowing the diluted alcohol to trickle through shav- 
ings, packed in well ventilated casks. A few passages 
through the cask suffices to convert the liquid into 
vinegar. The addition of yeast is unnecessary in pro- 
ducing vinegar from cider or wine, as these liquids con- 
tain a substance which acts as a ferment. The vapor 
of alcohol may be readily converted into acetic acid 
by contact with platinum black. The property of pla- 
tinum to produce oxidation in similar cases, has been 
already explained. 

. 1/ ®3^' Chloroform. — Chloroform is best 

formw-epar- obtained by distilling pure alcohol with 
uJpr^ti!^ water and bleaching powder. Its mole- 
cule consists of two atoms of carbon, and 
one of hydrogen, combined with three of chlorine. The 
carbon and hydrogen atoms are regarded as more inti- 
mately combined to form the radical formyl. Chloro- 
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form is therefore a terchloride of this radical. It is 
a colorless and volatile liquid, of a peculiar, sweetish 
smell. The inhalation of its vapor, produces insensi- 
bility to pain, and is much employed in surgical ope- 
rations, for this purpose. Ether has the same effect, 
in a less degree. A mixture of the two, is more com- 
monly employed in this country. 
„„ . , 936. Fusel oil. — ^Pusel oil is a peculiar 
m// Mention kmd of alcohol, of extremely nauseous 
fUproperttei, ^j^y ^^^ poisouous properties, which ac- 

compcmies ordinary alcohol in its production from 
potatoes and grain. It may be separated by filtration 
through charcoal. But this process of purification is 
often neglected, and the fusel oil left to add its poison 
to the deleterious effects of the alcohol itself. It is 
this doubly poisonous alcohol which forms the basis 
of numerous manufactured liquors, wines, and cordials. 
Fusel oil is the hydrated oxide of omvyt This radical 
contains ten atoms of carbon, to eleven of hydrogen. 
It belongs to the series of alcohols mentioned in the 
first chapter of organic chemistry. 

ORGANIC ACIDS. 

Wiat is said ^^'^' AcETic ACID. — Ordinary vinegar 
?/ *^P^o^^' is a dilute acetic acid. It cannot be con- 

turn and prop- , -i . 

erties of acetic centratcd by evaporation, as the acid is 
volatile, as well as the water which dilutes 
it. To obtain the strong acid, recourse is had to the 
salts of acetic acid, from which it is prepared by the 
method used for nitric and muriatic acids. The pure 
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acid is a solid. It mixes with water at low tempera- 
ture, in all proportions, and is commonly seen in its dis- 
solved state. Its compounds with metallic oxides are 
called acetates. The sugar of lead, so called, is an 
acetate, formed by dissolving litharge in acetic acid. 

938. Tannic acid. — Tannin, or tannic 
^ur^Jt ^^^^y «^is^ "^ nut-galls and in the bark 
propertiet of and leaves of many trees. It is the prin- 

tannie add} • i i • i • ■ i • 

ciple which imparts to them their astnn- 
gent taste, and gives to the tan liquor the property of 
converting hides into leather. When separated from 
the other substances with which it is combined in 
nature, it is a yellowish, gummy mass. It is soluble in 
water, and possesses the property of precipitating glue 
or gelatin, and many other metallic oxides. 

939. Writing ink. — Common writing 

What isthe , ^ . _ . „ •. 

coloring mat- mk IS prepared from nut-galls and proto- 
^of writing guiphate of irou. When first made, it is 
principally a tannate of the protoxide of 
iron, and forms a very pale solution. Before 
it is fit for use, it must be exposed for a time 
to the air, and thereby converted, partially, into 
tannate of the peroxide. This is a bluish black 
precipitate, and imparts to it the requisite color. 
It is essential to the permanence of ink, that 
the change should take place, in part, in the fibre of 
the paper itself. Too long exposure should, therefore, 
be avoided in the manufacture. The pale ink thus 
produced, which blackens further in using, is much more 
permanent than a thicker, darker ink, produced when 
this caution is not observed. 
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^. . 940. Six parts of nut-galls to four of 

Oive the pr<h * _ _ _ _ 

ce88 of iu copperas, are found to be the best propor-- 
IP^^^P"^*^ tions for producing a permanent ink. The 
galls are to be boiled with water, the decoction strained, 
and mixed with copperas solution. Gum and cloves 
are added,*lhe former to keep the coloring matter of the 
ink from settling, and the latter to prevent its moulding. 
After a ripening of a month or more the liquid is 
strained. The coloring matter of ink is immediately 
produced in a solution of copperas, as a bulky precipi- 
tate, by the addition of tincture of galls, and a little 
nitric acid. 

HYDROCYANIC AOU). 

. 941. Cyanogen. — Before proceeding 

e<moo8iti<m With the description of hydrocyanic, or 
^*^|j|^J^** prussic acid, the production of cyanogen, 

which enters into its 
composition, will be briefly consid- 
ered. Cyanogen is a colorless gas, 
with a peculiar odor, Resembling 
that of peach pits. It is nearly twice 
as heavy as atmospheric air. It 
bums with a beautiful purple flame. 
Cyanogen is a compound radical, 
posssessed of important analogies to 
chlorine, and the other electro-neg- 
ative elements. Its molecule contains one atom of ni- 
trogen and two of carbon. 

Hwoiaeyano' 942. PRODUCTION. — Cyanogcu may be 
gen prepared f expelled from the cyanide of mercury, by 
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the agency of heat. This metal retains cyanogen as 
it does oxygen, but feebly. A method more commonly 
employed is to produce and decompose the cyanide of 
mercury at the same moment. This is effected by 
mixing chloride of mercury, to furnish the metal, with 
the double cyanide of iron and potassium, which fur- 
nishes the cyanogen. The other elements unite to 
form chlorides of iron and potassium, while the cyanide 
of mercury is decomposed as fast as it is formed. The 
double cyanide of iron and potassium, above referred to, 
is the commercial yellow prus^iate of potash. Two parts 
of this salt are to be heated with one of bin^hloride of 
mercury, in the above process. The prussiate cannot 
be used alone for the production of cyanogen, on ac- 
count of the firm retention of this radical by the 
highly electro-positive metals which enter into llie com* 
position of the salt. 
„ . 943. CzASiDE OF POTASSIUM. — Oyauide 

now t8 cyor 

nide o/potM- of potassium is a white substance, resem- 
edPSi^an bliug porcelain in appearance, and quite 
its uses. soluble in water and alcohol. It is largely 

employed in preparing solutions of the precious metals, 
for galvanic gilding and silvering. It is produced on a 
large scale, by fusing together carbonate of potash and 
refuse animal matter. The latter fiumishes the carbon 
and nitrogen required for the |»roduction of cyangen, 
while the carbonic acid and oxygen of the salt, are 
principally evolved as oxide of carbon. The cyanide 
of potassium is best extracted from this residue by alco- 
hol, which leaves the other material undissolved. 
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Hwouveilow ^^^* PRussiATE OP POTASH. — Cyanide 

pn^uiau of of iron is always incidentally formed from 

f^redf^Mm- the iron of the vessel in the above process. 

tumiUuBet. j£ ^g^^gj. jg ^^Q^ to the fused mass, both 

cyanides dissolve ; although the latter, when alone, is 
entirely insoluble. Prom the solution, the double cy- 
anide of potassium and iron, mentioned in a preceding 
paragraph, is obtained, by evaporation, in splendid yel- 
low crystals. It is known in commerce as yellow 
prussiate of potash, and is largely used in the arts for 
the production of prussian blue and cyanide of potas- 
sium. Prussian blue is obtained by adding its solution 
to a salt of the peroxide of iron. As any solution of 
iron is readily peroxydized by the addition of a little 
nitric acid, the yellow prussiate may be employed as a 
test for this metal. 
rm ,. . , 945. Ferroctanides. — The yellow 

What u aatd ^ 

of ferrocyano- prussiate of potash, produced as above de- 
scribed, is not properly a double cyanide 
of iron and potassium. There is reason to believe 
that the cyanogen is more intimately combined with 
the iron than such a name would imply. It seems to 
have lost its ordinary properties, in the compound. 
Neither the alkalies, or sulphide of ammonium, which 
usually precipitate iron from its solutions, have any 
power to precipitate it from this salt. The three mole- 
cules of cyanogen, which enter into its composition, 
seem to have hidden and absorbed it. They have 
formed with it, indeed, a new compound radical, called 
ferrocycmogen. The double salt above mentioned is 
therefore more properly a ferrocyanide of potassium. 
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Ferrocyanogen, like all other compound radicals, coih 
ducts itself, under ordinary circumstances, as an ele* 
mentary substance. 

What 19 ferric 9*6. On the removal of one atom of 
cyanogen f potassium from two molecules of this salt, 
a cosilescence of the ferrocyanogen of the two mole- 
cules seems to be the result, and a new compound radi* 
cal is formed. This radical is called ferricyimogen. 
It combines with the three remaining atoms of potas- 
sium, to form ferricyanide of potassium. 
Givetheprop- ^^''^ Pbussic ACID.— Hydrocyauic acid 
^^'^ P"^ is made from cyanide of potassium, by the 
it» mode of Same method employed for producing hy- 
preparation, drochloric acid from common salt. The 
ferrocyanide of potassium is more commonly employed 
in the process. Prussic acid is intensely poisonous. A 
drop or two of the concentrated liquid, placed upon the 
tongue of a dog, produces immediate death. On ac- 
coimt of its extremely dangerous properties, the prepa- 
ration of the acid should never be attempted except 
by a professional chemist. The odor of the acid is 
somewhat similar to that of cyanogen, and may be fre- 
quently detected in the vicinity of establishments where 
galvanic gilding is conducted. Ferrocyanogen and fer- 
ricyanogen, like simple cyanogen, have their hydrogen 
acids and series of salts. The acid of the former is 
bibasic, and that of the latter tribasic, as already shown 
by the composition of their potassium compounds. 
What u said ^^^' Other ORGANIC ACIDS. — ^Tartaric 
of citric, ma- ^cid, before mentioned, is found in the 

iw, laetie, ox- --,, . , /. 

alie, and for- grape. The acid tartrate of potassa or 
uUe acidt f cream of tartar, which deposits in wine 
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ciasks, is one of its most important salts. Another has 
been mentioned under the head of antimony. Oxalic 
acid is found in wood sorrel and in certain lichens. It 
is also prepared by the action of nitric acid on wood, 
sugar, and starch. When these substances are burned 
in the air, their carbon is converted into carbonic acid. 
Oxalic acid contains half the proportional quantity of 
oxygen, and may be regarded as the product of a less 
perfect combustion by the oxygen of nitric acid. It is 
a white crystalline solid and a most dangerous poison. 
The effect of heat on oxalic acid, with its precise com- 
position, is given in* the section on carbonic oxide. 
Citric acid is the acid of lemons, malic acid, that of 
the apple, and formic acid that of the red ant. The 
latter may also be formed from wood spirit, by oxida- 
tion, through the agency of platinum black, as acetic 
acid is formed from ordinary spirit or alcohol. Lactic 
acid will be again mentioned under the head of animal 
chemistry. 
Tin . . .r S^S- Their composition.^ — ^All of these 

What ts the -j j./r • 

cotnpontion of acids differ in taste and in various chem- 
^^6ow j^gi properties, as do those of inorganic 

chemistry. Yet all of them contain the 
same three elements which are also contained in wood, 
gum, and starch. They contain these elements in 
various proportion, but their peculiarities are not to be 
ascribed to this cause alone. They may be regarded 
as in part, at least, the consequence of a difference of 
arrangement of the atoms, as has already been ex- 
plained. 
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ESSENTIAL OILS. 
What is said ^^' VOLATILE, OR ESSENTIAL OILS.*> 

sf ihe eompor Oils of turpentine and lemon, and otto of 

ratxve eompo- . ^ . , ., .«, 

siHo9i of es- roses, are examples of essential oils. They 
senttai ails i ^^ almost as vaxious as plants themselves. 
Yet the composition of those that diflFer most widely 
is often the same. This is the case with the oils of 
orange, lemon, pepper, turpentine, juniper, parsley, 
citron and bergamot. They contain carbon and hy- 
drogen alone, and in the same proportion; twenty 
atoms of the former to eight of the latter. Those of 
bitter almonds, cinnamon, cloves, and anise-seed, con- 
tain oxygen beside. Those of mustard, and onions, 
contain oxygen, and sulphur, in addition, and are char- 
acterized, like all sulphuretted oils, by a peculiar, pun- 
gent smell, and acrid, burning taste. 

961. Occurrence and preparation. — 
essential oUs Essentials oils are oftenest found in the 
prepared f flowers, seeds, and fruits of plants, but 
sometimes in the stalks and roots. Prom these they 
are obtained by distillation with water. The volatile 
oil passes over with the steam, and floats upon the con- 
densed liquid in the receiver. Oil of turpentine is thus 
made, from the common turpentine, or pitch as it is 
sometimes called, which exudes from the pine ; ordi- 
nary rosin remains behind. The delicate perfume of 
violets, and other flowers which contain but a small 
portion of essential oil, is extracted by mingling the 
flowers with lard. This substance has the property of 
absorbing the oil, and yielding it again by distillation. 
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952. Use of the essential oils. — 
uiM of the eM'- The essential oils are extensively em- 
tenttai <nl$ f ployed in the manufacture of essences, per- 
fumes, and cordials. All of these liquids are solutions 
of the oils in alcohol, with the addition, in the case of 
cordials, of a portion of sugar. The oil of turpentine 
is used in the manufacture of varnishes and burning 
fluid, to be hereafter described. 
„„ . , 953. Burning fluid. — " Burning fluid," 

What is the „ , • , . ^ , 

campotitien of 60 callea, IS a solution of camphene or 
llttWT^^ rectified turpentine in alcohol. The sole 
object of the camphene is to increase the 
proportion of carbon, and thus render the flame more . 
luminous. Unmixed camphene may also be burned in 
lamps provided with tall chimneys. The effect of the 
chimney is to make a strong draft, and thus provide a 
liberal supply of oxygen in proportion to the large 
amount of carbon which the liquid contains. With- 
out this provision, camphene burns like camphor, with 
much smoke, depositing a large part of its carbon in 
the form of soot or lamp-black. 

WhatisHLid ^^^* B^^^NING FLUID, '* EXPLOSIVE." 

of the expio- The mixture of alcohol and camphene, 

nothtv of . ,./,.-,. 1 

''humxng. kuowu as bummg fluid, IS commonly 
^^**'^'* spoken of as explosive. That this is not 

the fact, may be readily shown by pouring a little in a 
saucer, and inflaming it. It burns, under these ^^^^^ 
circumstances, as quietly as from the wick of a 
lamp. But if a can, containing burning fluid, be 
shaken up and then emptied of its liquid con- 
tents, it is found to contain an explosive atmos- 
phere. To prove this, it may be tightly corked 
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and fired through a small hole punched in the side. On 
applying a lighted taper to the opening, the can explodes 
with a loud report, and is torn to pieces by the force 
of the escaping gases. The small proportion of fluid 
remaining in the can, after every drop that can be 
poured out is removed, is sufficient to produce this 
effect. 

965. Explanation. — ^The principle of 

Wliat is the , , • - . , . , 

cause of the the cxplosiou IS precisely the same as that 
explosion f involved in the same experiment with hy- 
drogen and air. The only variation consists in the sub- 
stitution of the combustible vapor of alcohol and cam- 
phene, for hydrogen gas. It is the mixture of alcohol 
vapor, and air, to which the effect is to be principally 
ascribed ; the experiment may be made, indeed, as 
well with unmixed alcohol, or etherf as with burning- 
fluid. It may also be made with camphene, but in this 
case the vessel must be warmed, in order to vaporize 
the liquid in sufficient quantity. 

966. The above experiment may be 
othtT/ormof performed with safety, in an open vial, by 
the expert- vaporizing a drop or two of either of the 

above liquids within it, and then apply- 
ing a lighted taper to the mouth. In this case, the ap^ 
pearauce of flame at the mouth of the vial, and a 
rushing noise, is all that is observed. This experiment 
will enable the student to disprove the alleged unex- 
plosive character of certain fluids in use for purposes 
of illumination. In moderately warm weather it is 
sufficient to fill the vial, and then to empty it, in order 
to form the explosive atmosphere. 
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967. AETiriciAL essences. — ^Many of 
of arUfleial the essentials oils are compounds of oi^anic 
e$$enee»f acids and bases. Several of them may be 
artificially produced. Pine apple oil is a compound 
butyric acid with ether or oxide of ethyl. The bu- 
tyric acid of the compound may be prepared from 
rancid butter or by fermenting sugar with putrid 
cheese. Bergam&ipear oil is an alcoholic solution of 
acetates of the oxide of ethyl, with acetate of oxide 
of amyl. The latter is the ether of the nauseous and 
poisonous fusel oil, which has before been mentioned. 

WhatUarti' ®^^- 4^?^^ ^^ ^^ a compoimd of vale- 
fidal apple riauic acid with the same ether. The 

tial inl ofbu- Valerianic acid of the compound is also 
ter olmandBf ^^^ f^^ ^^^ ^jj Qfi ^j grapes, and 

oil of cognac, used to impart the flavor of French 
brandy to common alcohol, come from the same source. 
Oil of winter-green may be prepared from willow bark 
and wood vinegar. Oil of bitter almonds is prepared 
from coal tar. These artifical essences, although pro* 
duced in several cases from poisonous substances, may 
be used as flavors with perfect safety. It is highly 
probable and in many cases certain, that the flavor of 
the fruits themselves, is owing to the presence of these 
precise compounds, in small quantities. 
--^ , ' 959. Smpt&eumatic oils. — The vola- 

Whai are «w- ., ., t • ^ 

pneumatic tile Oils whicfa are produced by the de- 
*** ' structive distillation of vegetable and ani- 

mal substano^ receive this general name. The oils 
of wood and coal tar are examples. Another em- 
pyreumatic oil is produced in the combustion of to- 
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l^acco in ordinary pipes. This oil is extremely poison- 
4>ua. It is to be understood that these oils do not exist 
ready formed in the substances from which they are 
obtained, but are produced in the re-axrangement of 
atoms, which takes place when organic bodies are sub- 
jected to a high temperature- 

960. Camphors. — Several of the oxy- 
^t»*o/% genated essential oils deposit white crystal- 
camphoTB? jj^g solids by cold. These are frequently 
isomeric with the oils themselves, and are called cam- 
rfiors. Ordinary gum camphor is obtained like the es- 
sential oils, by the distillation of the leaves of the Law 
rus Campliort with water. Its volatile character is the 
occasion of a singular appearance, when small bits of 
the substance are thrown upon warm water. The par- 
ticles are seen to sail about as if they were possessed 
of life, owing to the propelling elffect of the vapor 
which escapes beneath them. 

^^^^^ 961. Resins. — The resins, of which 

sins formed F ordinary pine resin may serve as an exam- 
ple, are formed by the action of oxygen upon the essen- 
tial oils. Oil of turpentine may be thus partially con- 
verted into resin, by long exposure to the air. On sub- 
sequently heating it, only a portion is found to be vola- 
tile while a resinous mass remains behind. Turpen- 
tine, or pitch of pine trees, is thus formed in nature, 
from the oil of turpentine, as it exudes from the 
trees. But the conversion is only partial, so that the 
turpentine yields, on distUlation, a portion of oil, while 
rosin remains behind. Resins axe easily distinguished 
from gums by their insolubility in water ; they are, on 
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the other hand, readily sohible in alcohol or ether^ 
They are not liable to decay, like most other substan- 
ces of vegetable origin. Copal, shellac, mastic, and 
amber, are all resins. The latter is found in certain 
coal mines, and at the bottom of the sea, and has 
probably had its origin in the forests of some primeval 
age. 

962. Explanation. — The action of 

Explain the _ /< i . • • -• 

above trant' the oxygeu of the air, m the above case, 
farmattonf jg similar to that which occurs in the con- 
version of alcohol into vinegar. A portion of the hy- 
drogen is burned out, as it were, and removed in the 
form of water, while another portion of oxygen takes 
its place. 

„jT. 4 963. Use of the besins — varnishes. — 

made of the The rcsius are principally employed for the 
7re^vami9hM production ofvarnishes. These are simply 
tfiader solutions of rcsius in alcohol, ether, or 

spirits of turpentine ; or an intimate mixture of the 
latter with fused resin and oil. In preparing copal var- 
nish, which is the most brilliant and durable, the resin 
is first fused, then incorporated with heated oil, and 
afterward diluted with spirits of turpentine. A com- 
mon varnish for maps, engravings, and similar objects, 
is made by dissolving mastic with a little Venice tur- 
pentine and camphor, in spirits of turpentine. Pounded 
glass is added to the pulverized material during the 
process of solution. The object is covered with a so- 
lution of isinglass before using this varnish, to prevent 
its absorption. Shellac, in alcohol, is employed to 
impart to wood or other material a resinous coating^ 
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w&ich is afterwaid polished with rotten stone. Copal 
varnish is also similarly used. Shellac, dissolved in 
soda or potash, is sometimes used to give body to 
paints, as a substitute for part of the more expensive 
material. 

Whatisronn 96^- R051N SOAP. — The resins possess 
^^P^ an acid character^ and like fats, form soap 

with the alkalies. Common rosin is largely consumed, 
with fat and potash, in the manufacture of common 
brown soap. The greater hardness which it imparts 
depends on the formation of a certain portion of rosin 
soap, in the mixture. 

965. Sizing. — The soap which is 
uted in sizing fonuod ou boiliug rosiu with strong potash 
fper ? jg ^gg J j^ sizing paper. Being mixed with 
the material from which paper is to be made, a solution 
of alum is afterward added to the pulp, and a compound 
of rosin and alumina thus produced in every portion of 
the mass. The pores of paper made from this mate- 
rial are thus completely filled, and the spreading of 
the ink prevented. A surface sizing which is less ef- 
fectual, is also given to paper by a solution of glue, 
applied after the paper is formed. When this is de- 
stroyed by erasure, its place may be supplied, and the 
spreading of ink prevented, by rubbing powdered rosin 
upon the spot from which the sizing has been removed. 

966. Sealing-wax. — Sealing-wax con- 
eompofitionof sists, prmcipally, of shellac. Venice tur- 
teafing-waxf pg^tine is added to make it more inflam- 
mable and fusible, and vermilion or lamp-black to color 

it. Ship pitch is resin changed and partially decom- 

17 
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posed by heat. Shoemaker^s wnx is made by a siixular 
process. 

What are the ^'^' J^^SIN OIL AND GAS. Rosin is 

products of partially converted by dry distilla- 

the dry dtsttl- . . ., , . , . , 

latiati of tion mto an oil, which is largely 
ronnf ^^^^ ^^^ adulterating other oils, and 

also for purposes of illumination. A black pitch 
remains in the retort. The oil has the advan- 
tage of extreme cheapness, but owing ^to its 
lai^e proportion of carbon, can only be burned 
in lamps furnished with tall chimneys. At a 
still higher temperature rosin is converted into 
gas, with a residue of carbon. 

What it a$' 968. AspHALTUM. — Asphaltum or 6f- 

phaltumf tumen is a mineral resin, similar to the 
black pitch which remains from the distillation of coal 
tar. This material is found on the shores of the Dead 
Sea, in the island of Trinidad, and in several European 
localities. It is extensively employed for hydraulic 
cements, roofing, and pavements. 
_. ^ . .J 969. Petroleum. — Petroleum is a liquid 

WhcU %s satd ^ 

of the source, hydfocarbon, also known as rock oil. It is 
^wSpr^r- ^^^^'^ found upon standing water, in bitu- 
ties efpetrole'- niinous coal districts. Pits are also dug 
for the purpose of collecting it. These 
become filled with water, upon which the oil rises, more 
or less abundantly. The rectified petroleym is called 
naptka, and is a nearly colorless and highly volatile 
fluid. The entire absence of oxygen in its composi- 
tion, adapts it perfectly to the preservation of the metals 
potassium, and sodium, in their metallic condition. 
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It is also used as a solvent of sulphur, phosphorus, fats, 
resins, and caoutchouc. Both aspbaltum and petroleum 
have been, probably, produced by the action of vol- 
canic fires upon bituminous coal. 
„„ . ., 970. Gum resins. — ^The dried juices 

What %t said 

of gum re- of Certain plants consist of mixtures of 
"*** ^ gum and resin. These mixtures are called 

gum resins. Water dissolves the gum, and holds the 
resin in suspension, thus forming what is called an 
emulsion. Alcohol, on the other hand extracts the re- 
sin from their mixtures. Assafcetida, gamboge, and 
opium, are a few examples of gum resins. 

971. Caoutchouc Gum elastic.-^ 
imrcea and Oaoutchouc is a hydrocarbou, obtained from 

Africa, and South America. This constit- 
uent of the juice hardens, on exposure to the air, while 
the remainder is removed by evaporation. By the ad- 
dition of a little ammonia, the milk may be retained in 
its liquid condition. Caoutchouc is soluble in ether, 
spirits of turpentine, oil of coal tar, and many other 
hydrocarbons. Sulphuret of carbon, a volatile liquid 
obtained by passing sulphur vapors over ignited char- 
coal, is also a complete solvent of India-rubber and 
-gutta percha. 

972. Vulcanized rubber. — Heated for 
ehZe^^hanC ^ s^ort time with sulphur, at 280°, or 
**^^,,^^*' somewhat above this point, caoutchouc 

are the prop- * ' 

erUeso/vtU' bccomcs remarkably changed in its nature, 
4^;1f "* and is no longer stiffened by cold, or soft- 
ened by heat. It is then called vulcanized 
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rubber, and constitutes the material out of which 
most India-rabber goods are now made. The hard 
rubber which is extensively employed for the manu- 
facture of combs, knife-handles, pencil-cases, &c., is 
composed of pitch, India-rubber, sulphur, and mag- 
nesia. The mixture is softened at about 270°, then 
pressed into moulds to give it the required shape. It 
is afterward wrought like ivory. 

Whatisgutta ^^^' GuTTA PERCH A. — Gutta pcrcha is 

perchaf identical in composition with gum elastic^ 

Juention some ■» i« • t /*• 

of its proper- but possessed of quite dijSerent properties. 
ttes and uses, j^xoong them is its extreme toughness, and 
comparatively slight elasticity. It is rendered soft and 
plastic by immersion in boiling water, and in this pasty 
condition may be moulded into any required shape. It 
can be vulcanized, like caoutchouc, and is then proof 
against elevation of temperature. It is employed as a 
substitute for caoutchouc where great elasticity is not 
required. Both of the above substances approach more 
nearly in their composition to the essential oils, than to 
any other class of compounds. 

PROTEIK BODIES— PUTREFACTION. 
State the com- ^^^' VEGETABLE FIBRIN.— The glutiu- 

position and ous mass which remains when dough is 

properties of . , , . -i n i i • 

vegetable kneaded m water until all the starch is 

fibrtn. removed, is called gluten or vegetable 

fibrin. It differs from all the organic matter hitherto 
described, in containing nitrogen, with small quantities 
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of sulphur, and phosphorus. Its exact composition is 
given in the Appendix. It is a grey substance, and is 
the material which gives its cohesion to bread. 

975. Vegetable jllbumen and casein.— 
«/ veffetable Vegetable albumen is a similar substance, 
albumen and contained, in smaller quantity, in the juices 
of fruits and vegetables. It is coagulated 
by heat, like the white of egg, when the juices are 
boiled. Vegetable casein is another substance of very 
similar composition and properties, found principally 
in the seeds of leguminous plants. It precipitates like 
the curd in sour milk, when a little acid is added to 
an aqueous extract of the seeds. These substances 
derive their names^ from their resemblance to animal 
fibrin, albumen, and casein. Vegetable casein is also 
called legumine. All of these substances were at one 
time supposed to be compounds of a single substance, 
called protein, itself free from both sulphur and phos- 
phorus. Later experimenters have not succeeded in 
isolating such a substance, and the theory is therefore 
abandoned. The name is retained in this work as a 
convenient designation of the class of substances here 
considered. 

976. Occurrence. — One or more of 

Where are the 

above sttbstan- these substauccs IS present in greater or 
ces found? less quantity in all parts of plants. They 
are found accumulated with starch, in the fruit and 
seed. The seeds of cereals, such as wheat and rye, 
and those of leguminous plants, such as peas and beans, 
contain them in large proportion. 
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Mention ape- ^^' CHARACTERISTICS. — If a bit of 

euiiarity of gluten be placed on the end of a wire and 
genou9 am- bumed, a Very different odor is produced 
pounds. from that of burning starch or wood. 

The smell approaches that of burning wool, and is a 
means of distinguishing organic matter which contains 
nitrogen. If boiled with potassa, the sulphur of gluten 
is extracted, and the solution will blacken paper moist- 
ened with sugar of lead. This reaction furnishes an- 
other means of detecting nitrogenous substances. 

978. Putrefaction. — A still more im- 

Deseribethe .. . . - . , 

process of pu- portant distinction of nitrogenous substan* 
trefactton, ^^g from thosc which contain no nitrogen, 
is their spontaneous putrefaction. Left to themselves, 
they are resolved, like blood and flesh to which they 
are allied in composition, into a variety of other pro- 
ducts. It is not strictly correct to say that this decom- 
position is spontaneous. The substance must first 
have been exposed to the air. An oxidation or slow 
combustion is then commenced, which, although en- 
tirely imperceptible in its effects, and checked at once 
by exclusion of air, ensures the subsequent putrefac- 
tion. It burns out a small portion of carbon and hy- 
drogen, and thus removes, as it were, the key-stone of 
the arch in every molecule. The atoms may then be 
supposed to fall together and re-arrange themselves as 
is required by the known products of their decompo- 
sition. 

979. Products op putrefaction. — The 

Mention some 

products of re-arrangement which occurs in putrefac- 
pu refaction, ^^^^^ consists, essentially, in the combustion 
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of the carbon of the substance with oxygen, while the 
hydrogen divides itself between the nitrogen, phospho- 
rus, and sulphur, forming ammonia, phosphuretted and 
sulphuretted hydrogen. It is to these gases that the 
offensive smell which is given off in putrefaction is 
principally to be ascribed. 

980. Fermentation. — ^Any one of the 

Whattubstan- , , . , 

eesare capable nitrogeuous substauces abovc mentioned, 
%/S^^^f while undergoing the change which is 
called putrefaction, is capable, by its mere 
presence, of acting as a ferment. A little putrefying 
gluten, for example, added to a solution of sugar, will 
convert it into alcohol and carbonic acid. Here again 
the key-stone of the molecule is removed, or rather in 
this case moved. The motion of the atoms of the 
putrefying substance would seem to be the cause. 
The effect is analogous to that of heat, through whose 
agency, also, complex organic bodies are resolved into 
others of simpler constitution. 
„„ . ^ 981. Yeast. — The first stage in the 

what 19 the , ° 

iirit stage in formation of yeast IS the production of a 
tkeproeesif microscopic Vegetation, which consumes 
all the protein, converting it into the substance of a 
microscopic plant. Ordinary brewers' yeast is such a mi- 
croscopic vegetation. Being produced, it passes imme- 
diately into the putrefaction above described, effecting, 
at the same time, the conversion of any sugar which 
may be present into alcohol and carbonic acid. By 
some, the growth of the microscopic plant itself, instead 
of its subsequent change, is supposed to be the cause 
of fermentation. 
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!Bbio u yeoH 982. PRODUCTION OF TEAST. — ^Yeaust has 
produeedf jjq^ ^jjiy jjjg power of couverting sugar 
into alcohol, but it at the same time occasions the 
production of more yeast from dissolved protein. In 
the ordinary process of beer brewing, the newly formed 
yeast collects on the surface of the fermenting vats. 
It is thence removed, to serve as the excitant of a new- 
fermentation, or to be employed in the production of 
bread, which is, chemically considered, an analogous 
process. 
,- ,. 983. Different kinds of fermenta* 

Mention seve- 

rtdkindtof TioN. — The products of fermentation are 
fermentation, different, according to temperature and 
other circumstances. Thus the same sugar which at 
40°, to 86°, with cheese used as a ferment, yields car- 
bonic acid and alcohol, at a temperature of 86°, to 95° 
is converted into lactic acid. The latter, by the further 
action of the curd, with slight elevation of tempera- 
ture, is converted into butyric and carbonic acids. By 
the same ferment, at a still higher temperature, a portion 
of gum is produced with the lactic acid. These diffe- 
rent processes of transformation have received, respec- 
tively, the names of the vinous, lactic, butyric, and 
viscous fermentations. The conversion of starch into 
sugar by diastase may be regarded as a species of fer- 
mentation. This substance is a slightly changed glu- 
ten. It is always produced in germination, and may 
be precipitated by alcohol in the form of white daKes, 
from a concentrated infusion of malt. One part of it 
is sufficient to convert two thousand parts of starch 
into sugar. 
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WhatUtaid ^^^' Flour. — Fine flour makes less 

9/ the nirfrt- nutritious bread than the coarser varieties, 

Uoits proper- ... ,, . ' 

Hee of fine because it contains a smaller proportion of 
f'^'^^ gluten. Gluten being tougher than the 

starch, is not reduced to so fine a powder, and is par- 
tially separated in the process of bolting. All grains 
contain sugar in small proportion. Sugar is therefore 
one of the constituents of flour. 
Wluachemi- ' 98^- Bread.— The "raising" of bread 
cai ^nciplee ig a process of fermentation. The yeast 

are involved i • i 

in making employed 111 the process converts a portion 
^^^ of the starch of the flour into sugar, and 

subsequently into alcohol and carbonic acid. The 
sponge is made light and porous, by the gas bubbles 
which become entangled within it. A large part of 
the alcohol produced in the process escapes into the 
oven, and thence into the exterior air. It may be 
condensed and converted iuto spirits by the proper 
apparatus. This has been successfully done in large 
bakeries in Europe, but the process has not been found 
to be of any considerable economical importance. In 
the jMTOcess of baking a portion of starch is converted 
into gum. By moistening the baked loaf with water 
the gum is dissolved, and by a new heating, hardens 
jnto the shining surface which is often observed on 
bakers' bread. 

What materi' ^^^' YeaST POWDERS. ^The gaS whicll 

altareetme- is needed to make bread light, may be 
tutedfor produced by other means than the process 

ifeastf ^£ fermentation. If carbonate of soda, for 

example, is kneaded into the dough, and tartaric acid 
17* 
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sabsequendy added in proper proportion, the weaker 
carbonic acid is expelled. A light sponge is produced 
by its escape, without the loss of the starch and sugar 
which are consumed in the process of fermentation. 
Soda and tartaric acid prepared for this purpose are 
known under the name of ye<ist powders. Carbonate 
of ammonia being entirely volatile by heat, may be 
employed alone for the same purpose. A portion of 
the salt probably remains in the bread, and is more or 
less injurious, on account of its alkaline character. 
„„ . . 987. Test for yeast powders. — The 

WTiat is the , . . , ^ , 

objection to great objection to the use of these pow- 
^^^intre^r ders in the preparation of bread, consists 
in their liability to contain soda or acid in 
undue proportion. Whether this is the case, may be 
ascertained by dissolving the powders in water, and 
mixing the solutions. If the product is neutral to the 
taste and does not eflervesce on the addition of 
either soda or acid, this feet will be evidence of their 
proper preparation. If otherwise, more or less injury 
is to be anticipated from their use. Excess of the al- 
kalies especially interferes with the process of diges- 
tion, by neutralizing the acids which accomplish it. 
The use of soda and saleratus with sour milk is liable 
to the same objections. 

What is said, 988. TheIR EFFECT ON HEALTH. It 

^tLt%'^'^ may well be questioned whether bread 
the health f prepared by this process, is ever as healthy 
as that made with yeast. For even the neutral tar- 
trate, formed when the materials are used in proper pro- 
.portion, will tend to neutralize certain stronger acidsi 
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^hich are constituents of the gastric juice. It ma]f 
thus interfere, in a measure, with the process of diges- 
tion. If pure muriatic acid were substituted for the 
tartaric acid or cream of tartar, this objection would b^ 
removed. The product of its action on soda is com- 
mon salt. 

ORGAMC BASES, 

989. Alkai^oids. — Morphine and strych* 
names of wme nine, the former a useful medicine, and 
2wi&* ^Why ^^^ latter, the most dreadful of poisons, are 
.re they 9o examplcs of the alkaloids. They are 
white crystalline bodies, but slightly solu- 
ble in water. Most of them, like the protein bodies 
above mentioned, contain the four organic elements ; 
but they differ widely from these substances, in possess- 
ing a positive chemical character. They are called 
alkaloids from their resemblance, in certain properties, 
to the alkalies of inorganic chemistry. Their action 
upon vegetable colors is the same ; like the alkalies, 
they also form salts with both oi^anic and inorganic 
acids. They are, in fact, true alkalies. Their alkaline 
property does not, however, seem to depend on the 
oxygen which they contain. Some of them, indeed, 
do not contain this element. It is highly probable that 
certain of the alkaloids belong to the class of compound 
ammonias mentioned in the first chapter of Organic 
Chemistry. 

WTiat is their ^^' Their action on the human body 
action on the (Jq^s not depend upou their alkaline char- 

human body f * 

Their anti- acter, but on Other and peculiar properties 
belonging to each. The salts of the alka- 
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loida are generally preferred in medicine, in view of 
their ready solubility. In large doses they are all 
poisonous. The tincture of nut-galls is employed as 
an antidote, because of the property of the tannic acid 
which it contains, to form with most of the alkaloids 
insoluble precipitates. 
,^ . . 991. Occurrence. — Morphine is con- 

What uthe . J . ... 

9<mree of th$ taiued iQ opium, qutntne is extracted from 
Mkahidt f Peruvian bark, and strychnine from the nux 
vomica. The latter is also the poison of the celebrated 
upas. Theine and nicotine are other alkaloids, the 
former of which is found in tea and coflFee, atid the latter 
in tobacco. Theine may be obtained, as a sublimate 
of silky crystals, by moderately heating tea in an iron 
pot covered with a paper cone. 

992. Preparation. — ^Most of the alka- 
tUkaioidaex- loids may be extracted from the material 
traded f which contains them by means of acidu- 

lated water. A salt of the alkaloid is thus obtained in 
solution. From this salt the alkaloid may be precipi- 
tated, like oxide of iron or any other base, by am- 
monia. Nicotine is a most energetic poison, falling 
scarcely below prussic acid in its destructive properties. 

COLORING BfATTERS. 

WkaiUtaid 993. Indigo. — ^The vegetable dye-stuffs 
«/ indigof qj^q extremely numerous. Indigo, madder, 
•iid logwood are among the more important. Indigo 
is deposited from the colorless juice of certain plants 
by simple exposure to the air. It may be sublimed in 
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purple crystals, by rapid heating. By removing «lhe 
oxygen absorbed in its production, the original color- 
less juice may be, as it were, reproduced from commer- 
cial indigo. This object is effected by the use of pro- 
tusulphate of iron, which is converted into sulphate of 
the peroxide in the process. Caustic lime is at the 
same time added to dissolve the deoxidized indigo. 
The colorless solution is employed in dyeing ; cloth im- 
pregnated with it becomes blue on exposure to the 
air. A solution of indigo in concentrated sulphuric 
acid is also employed in dyeing. 
Whatistnad" ^^^' Madder. — Madder is the ground 
*^^ root of the rubia tinctorium. This plant 

is cultivated extensively in India and Europe. It con- 
tains a red dye, produced by the action of the air or 
certain chemical agents, upon the juices of the recent 
plant. This body is called alizarine^ and may be ob- 
tained in beautiful crystals. An infusion of the root in 
hot water contains a portion of this substance in solution. 
What ii log- 99^' LoGwooD. — This is a red wood, 

^"^^^ obtained from Spanish America and much 

employed in dyeing. Its coloring matter is called he- 
matoxyline. By evaporating a decoction of the wood 
and re-dissolving in alcohol, this substance may be ob- 
tained, on a second evaporation, in the form of yellow 
crystals. 



DYEING. 

. 996. Dyeing. — ^Pew dyes can be per- 

iheory of dye- mancutly imparted to cloth without the in- 
ingfatteohrs. tej^ention of some third substance, which 
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shiCl, as it were, hold them together. Such a substaaoe, 
with strong affinity for the coloring nuitter of the dye, 
and also for the fibre of the cloth, is called a moT- 
dant. The fabric to be dyed being first impregnated 
with the mordant, is then introduced into the dyer's 
vat to receive its permanent color. 
What in said ^^T^* MoRDANTs. — Alumina and oxide of 
9/ mordants f Jjqu ^jq i\^q principal mordants employed. 
They may be " fixed " in the cloth by immersion in the 
acetates of these oxides. A subsequent exposure for 
several days to the air is essential, in order that the 
acetic acid may in part be expelled. A portion of it, 
however, remains, so that the oxides are, strictly speak- 
ing, in the condition of basic acetates. After this ex- 
posure, and subsequent washing in hot water, the fabric 
may be immersed in the dye. An ounce of madder 
heated with a pint of water will be sufficient for an 
experiment. The fabric is to be boiled for an hour or 
more with the unstrained decoction. 

998. Preparation of the mordant. — 

Mow ts the alu- __, _ . ^ ^ , . . 

fninousmor- The solutiou of acetate of alumina is 
^^^^' most conveniently prepared from alum, by 
the substitution of acetic for its sulphuric 
acid. This is accomplished by the addition of acetate 
of lead. Sulphate of lead is at the; same time precipi- 
tated, and may be filtered off from the acetate which is 
formed. Three pounds of alum and two of sugar of 
lead, to three gallons of water, are the proportions to 
lie employed. This mordant produces a red color. 

Sowars van- 999' VARIOUS COLORS BY THE SAME 

^colors pro- j^yj, ]^y jj^^ ^^ ^f diflferent mordants, 

ducedjromone -^ ^ 

dyef various colors may be produced from the 
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same dye. Substitute four pounds of green vitriol for 
the alum used in the previous case, and the madder 
gives a deep black. Add fomr ounces of arsenic with 
the green vitriol, and a mordant is produced with which 
the dye will yield a beautiful purple. In the latter 
case, the solution must be reduced to one-tenth of its 
original strength by the addition of wsiter. 

1000. Dteino with logwood. — By the 
hneftythepro- employment of the last two mordants, 
^A lC w ; "^i^ed in equal proportions and diluted with 
an equal quantity of water, a mordant for 
dyeing black with logwood is obtained. For dyeing 
purple with the same material, a tin mordant is used. 
It may be prepared by dissolving tin in muriatic acid, 
with the gradual addition of nitric acid, then precipi- 
tating and re-dissolving with potassa. The cloth being 
impregnated with this mordant and thoroughly dried, 
is passed through dilute sulphuric acid, to remove the 
potassa and leave the oxlUe of tm. After subsequent 
drying and exposure to the air, the fabric is ready for 
the dye. 

What are 1001. MiNERAL DYES. The dyCS do- 

minerai dyeii scribed in the following paragraphs, qre 
distinguished from those before mentioned, by contain- 
ing no organic matter. They consist of colored salts or 
oxides, precipitated in the fibre of the cloth. Although 
these substances belong, strictly speaking, to inorganic 
chemistry, they are here introduced to complete the 
survey of the subject of dyeing and calico printing. 

1002. Prussian blue. — ^A mineral blue 

How M a wtn- j i. • ^ • i *u 

eralhiueob- may be produced by impregnatmg cloth 
tained? ^j^j^ ^j^^ solution of acctatc of iron, before 
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described as a mordant, and then immersing it in an 
acidi^d solution of prussiate of potash. * Prussian blue 
18 thus precipitated in the cloth. This blue is found to 
be brightened by passing it through a solution of sugar 
of lead. 

1003. Mineral, green. — ^A mineral green 

How it a mtn- . , , . , , - 

erai green pro- IS produced m the same manner by the em* 
******' ployment of sesquichloride of chromium, 

and subsequent immersion in potassa. The color con- 
sists of sesquioxide of chromium, precipitated from the 
chromium salt by the action of the alkali. The so- 
hition of sesquioxide of chromium is prepared by the 
addition of sugar to a solution of bichromate of potassa 
in dilute sulphuric acid. A part of the oxygen of the 
chromic acid being abstracted by the organic matter, it 
is converted into an oxide, which remains in solution. 

1004. Chrome yellow. — To produce a 

Hoto u a min- . , „ i i « i • 

erai yeUow mineral yellow, the cloth may be impreg- 
ptoducedf jjj^gj ^j^jj acetate or nitrate of lead, then 
dried and passed through sulphate of soda, to fix the 
lead as sulphate in the cloth. On finally immersing 
it in bichromate of potassa, the cloth becomes dyed 
with yellow chromate of lead. The above process 
modified by printing instead of saturating with acetate 
of lead, gives yellow figures on a white ground. 

CALICO PRINTING. 

HowitafBhiu 1006. White FIGURES. — If it is dcsircd 
^^ ^rJ^^ ^^ obtain a design in white, on goods dyed 
4wiedf with either of the above madder colors, 
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the design is printed with a 
paste of tartaricTacid upon the 
colored cloth. On subsequently 
immersing the goods in a bath 
of chloride of lime, chlorine is evolved in the tissue, 
and the color discharged only where the acid is printed. 
The white thus produced is of course in exact cor- 
respondence with the printed design. 

Howareyellmo ^^^^' PRINTED YELLOW AND BLUE.— To 

"^ "iSi^ d P^^^"^^ yellows on madder red and purple 
wi dtfed grounds, before described, tartaric acid is 

r^"^^ printed with the nitrate of lead, and the 
cloth immersed in bleaching liquid. The color of the 
printed portions is discharged by the combined action 
of the acid and bleaching liquor ; the lead is at the 
same time fixed in the cloth, as chloride of lead. On 
subsequent immersion in bichromate of potassa, the 
yellow figures of ehromate of lead are produced as be- 
fore. For blues on the same colored grounds, a mix- 
ture of Prussian blue, dissolved in bichloride of tin, 
with tartaric acid, is printed on the cloth. The dis- 
charge of the ground color beneath the figure, is 
effected, as before, by chloride of lime. 

1007. Variegated patterns. — ^All of 
gated paUemt the madder colors which have been men- 
prcdtteed f tioned, may be produced upon a single piece 
of white goods, by printing the different figures of the 
pattern with different mordants. This is accomplished 
by passing the fabric between different sets of rollers, 
each of which is supplied with a paste of the proper 
mordant, and so engraved that it yields the desired im«- 
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pressioD. On subsequently introducing the goods into 
the madder bath, the various colors are developed. The 
whole piece is at the same time transiently colored ; 
but the dye may be readily removed from the imprinted 
portion by thorough washing. A white ground for the 
colors is thus obtained. 

RELATION OF PLANTS TO THE SOIL. 

AORIOULTUBAL CHSMI8TRT. 

1008- The mineral substances which 
iubttancetdo plants obtain from the soil, are known by 
]^ant9 obtain analysis of the ashes which they yield on 

from the sou f ^ / , 

combustion. They consist of acids and 
bases, which enter into the composition of all fertile 
soils. The bases are potassa, lime, magnesia, and 
oxides of manganese and iron. These are found com- 
bined in the ashes with silicic, sulphuric and phosphoric 
acids, and are accompanied by small proportions of 
common salt. The carbonic acid which is found in 
certain ashes is produced in the combustion of the 
plant. The ashes of all cultivated plants contain the 
above substances ; but in different proportions accord- 
ing to the nature of the plant. The phosphates pre- 
dominate in grains ; lime exists in large proportion in 
grasses ; potash in edible roots ; and silica in straw. The 
approximate composition of the ash of different plants 
is given in a table in the Appendix. In estimating the 
relative proportions of the different constituents which 
are abstracted from the soil by different crops, the quan* 
tity of the crop, as well as the composition of its ash| 
is of course to be brought into this account. 



^, , 1009, Composition of soils. — ^Many of 

Of what are 

9oU8 com- the above substances are contained in the 
^*^^^ soil in extremely small proportion. Soils 

are principally composed of vegetable matter in a state 
of decay, with clay, sand, and carbonate of lime. The 
vegetable matter consists of the remains of plants of 
previous years, and the clay, lime, and sand, are the 
product of the gradual crumbling and decomposition 
of rocky crust of the earth. 

1010. Use of vegetable matter iw 

state the uset __. , _ , . *• 

of vegetable SOILS. — The wooci, Icavcs, and twigs of 
fioi^l^ *** which vegetable matter is composed, fur- 
nish, in their gradual decay, the potash, 
silica, and other constituents of their own skeletons to 
form the framework of new plants. The organic mat- 
ter is, at the same time, converted into ammonia and 
carbonic acid; these constitute the gaseous food on 
which all vegetable life is sustained. 

1011. Addition of vegetable and ani- 
Whai advafi- ^^^^ MATTER.— The addition of more of 

taffe %8 gained 

by the addi' this material to the soil, in the form of peat 
hiea^aninuil or muck from swamps, is of great advan- 
^il7*^ tage, because it increases the supply of the 

two important classes of materials which 
have been mentioned. Animal matter of all kinds, 
whether decomposed, as in stable manure and guano, 
or in its original condition in the form of flesh, wool, 
and bones, is a still more valuable addition to the soil. 
The reason of its higher value, consists in the fact 
that while it yields most of the other substances which 
decaying vegetable matter supplies, it furnishes ammo- 
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nia, which is the rarest and most expensive one, in 

much larger proportion. 

„„ 1012. Use of the clay. — ^The clay in 

What purpose . , ^ 

doe* day tub' SOUS serves to retam the ammonia and 
wr»tftn<A« certain other valuable materials, which 
would, otherwise, be washed away by 
descending rains. It seizes not only upon that which 
comes from the decaying humus, but finds particles in 
the drops of every shower, which it stores safely away 
for the future use of the plant. It serves also to retain 
moisture in the soil, and to impart to it the tenacity 
by which the roots are enabled to gain a firm hold upon 
the earth. Soils which contain but a small proportion 
of clay are for these reasons improved by its addition. 
,^ . 1013. Uses op the sand. — Sand, where 

What is the . . . , . , 

tffiee of sand it exists in due proportion, gives the proper 
in sods? degree of porosity to the soil, and thus 

ensures the entrance of the air and fertilizing liquids, 
and the draining away of all excess of water. Access 
of air is important, because it brings with it fertilizing 
ammonia and carbonic acid, and by accelerating the 
decay of vegetable matter, produces more of these 
valuable substances. 

1014. Uses of the lime. — The lime' in 

What %s the ., , . , t , i -i -i- 

<^e of lime soils, besidc serviug directly as building 
on the soil ? material for all forms of vegetation, is the 
key which unlocks other treasures of the soil and sup- 
plies them, also, tb the growing plant. The building 
material which is furnished, as iKjfore explained, by 
the decay of previous plants, is not sufficient. A por- 
tion of it never reaches the fields from which it was 
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originally derived. Exported in the form of grain, or 
milk, or beef, it returns to the soil in some distant re- 
gion or is poured into the rivers and the sea through 
the drains of populous cities. New supplies of potash 
and other material, are, therefore, demanded by the 
vegetation of every successive year. 

1016. A large part of the materials re- 

How does it . . ,,, .i-. /. 

aeeompluhthe ferred to are locked up m hard grams of 
*^^' '^ granite, or other silicates which are found 

in the soils. Being insoluble in water and the other 
solvents of the soil, they are inaccessible to the plant. 
Lime has the property of forcing itself into the rocky 
prison of every such insoluble grain, and setting part 
of its inmates at liberty. At the same time it opens 
the door to the action of other agencies which liberate 
the rest. They are then floated away in the water 
which penetrates the soil, and being in due season ab- 
sorbed, are built into the substance of the plant. 

, , 1016. Action OF LIME ON MINERAL MATTER 
Chve the chem- 
iealexplana- EXPLAINED. The actlOU of hmC, WhlCh 

Jj^y *'* ^ has just been mentioned, is a simple conse- 
quence of its basic properties. It takes 
possession of part of the silicic acid of the alkaline 
silicate in the rocky grains. Their potassa and soda 
being now combined with this acid in small proportion, 
are soluble in the water which penetrates the soil. 

1017. The water of the soil always con- 
decompo9in(f tains a Certain proportion of carbonic acid. 
agent eziiU in rpj^jg ^cid being itself material for vege- 
table nutrition, has also the property of 

dissolving those mineral substances which the plant 
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needs for its support. By the joint action of carbome 
acid and water, this transfer is constantly going on 
even without the aid of lime. But the latter substance 
very much accelerates the action, and thus adds greatly 
to the fertility of the soil. 

1018. Action of lime on organic mat- 
other ute of TER. — ^Limc has another important effect 
i^*****'^ on soils, in hastening the decomposition 

of their organic matter, and thus, indi- 
rectly, supplying in large quantity, valuable materials, 
before mentioned, which these are adapted to fumisli. 
As this decomposition proceeds in the presence of lime, 
part of the nitrogen of the organic matter takes the form 
of ammonia, and part is converted into nitrates, as will 
be remembered from the chapter on Salts. But the 
proportion of either is practically immaterial, as' both 
are found to subserve a similar purpose in building up 
the plant. 

1019, All of the effects which have 
abwfmJ^ been mentioned, may be regarded as grad- 
tioned egrets ually produced in every soil which contains 
Mention an- Carbonate of lime as a constituent. When 
^^y^'^^of it is deficient in quantity, they are, of 

course, increased by its addition in the 
form of chalk or marl, or limestone. These substances 
have also the effect of sweetening peaty and marshy 
soils, which are rendered sour from the presence of too 
large a proportion of vegetable matter, and thus ren- 
dering them fit for cultivation. 
^ , 1020. Burned lime. — ^Burned or caustic 

In what form ,. , ,, , m - , 

has lime tJu lime has all these effects in a much greater 

ir^^ rf' degree, and therefore its extensive use as 

a fertilizer of the soil. It should be used 
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cautiously on soils which contain but a small propor- 
tion of vegetable matter, for fear that in the more rapid 
decomposition which it stimulates, it may entirely 
exhaust the soil of this material. If employed in such 
cases it should be with admixture of vegetable matter, 
that the loss which it occaiiions may be completely 
replaced. 
, 1021. Effect of ashes on soils. — 

What other ^ ,,.:.., 

tubstancet act Fotassa or soda applied m the caustic state, 
Whcu^caution ^^ ^ caibonates, have entirely analogous 
w to be observ effects on the soil. They render the in- 

edin their usef ,,,.,. i i i i • 

soluble silicates soluble, by increasing in 
them the proportion of base, and also hasten the decay 
and conversion of vegetable matter. The admixture 
of lime or ashes with guano or decomposed manure, is 
to be avoided, because of their effect to expel the 
ammonia which these substances contain. This may 
be avoided by previously incorporating the material 
with a large proportion of clay or vegetable mould, 
which shall serve as an absorbent of the liberated 
gas. 

What IB Mid 1022. Composes. — Composts consist of 
of composts? vegetable and oliier matter, heaped to- 
gether for fermentation and partial decay, in order to 
prepare them for application to the soil. In such mix- 
tures, all alkaline materials, including lime, have an 
effect similar to that which they produce upon the 
organic matter of the soil. 

Whatisgua- 1023. GuANO. — Guauo consists of the 
**^' accumulated droppings of birds, and is 

principally obtained from certain rocky islands on the 
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coast of South America. In these haunts of the heron^ 
flamand, and other sea*fowl. it is accumulated, in somlB 
instances, to the depth of a hundred feet. The de- 
posit is usually in smaller quantity, but amounts in the 
aggregate to millions of tons. The material was em- 
ployed as a fertilizer by the natives of Peru and Chili, 
long before its introduction into England or the United 
States for the same purpose. 

1024. Different tarieties.— The qual- 
o/ different ity of guauo differs materially, according 
fMtrieti^of ^Q ij^g source from which it is derived. 

guano f 

The ammoniacal salts, on which its agency 
as a fertilizer principally depends, being soluble in 
water, the product of moist climates is of comparatively 
little value. The best is obtained from the coast of 
Peru, where rain seldom or never falls. The African, 
Patagonian and other varieties, are much inferior. 

In what doe9 ^^^- AGRICULTURAL VALUE. The ag- 

tlu agrieul' ricultural value of guano lies principally 
of guana in the ammonia and phosphate of lime 
depend f which it is capable of yielding to plants. 

These constitute, in the best varieties, about one-third 
of the whole weight. Part of the ammonia is ready 
formed, and part is produced in the subsequent change 
which the nitrogenous matter of the guano experiences 
in the soil. The latter may be produced immediately 
by a chemical process, and its quantity accurately 
determined. In estimating the value of guano, it is 
customary to record the quantity of this potential ank" 
monia, as if it were an existing constituent. 
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What is Mid 1026. ARTIFICIAL AMMONIA. The COIl- 

cf ike artifi' stitucTits of the ammonia which we pur- 
ti<mo/amm<h chase, in the form of guano, at so great 
*****/ expense and bring from distant regions of 

the earth, exist in unlimited quantity at our very 
doors. Pour-fifths of the atmosphere are nitrogen gas, 
and the ocean is an exhaustless reservoir of hydrogen. 
But, strange to say, the chemist with all bis skill, 
cannot, except by circuitous and expensive methods, 
effect their combination. The discovery of some cheap 
and ready means of accomplishing this object, would 
transform the face of the earth, by the unlimited quan- 
tity of fertilizing material which it would supply. This 
result may, perhaps, be reached by patient investiga- 
tion. But no sudden triumph over nature need be 
anticipated. Improvements in Agriculture will, as a 
general thing, be only realized by the earnest co-opera- 
tion of scientific and practical men, in laborious and 
oft-repeated experiment. 

^^ . 1027. Exhaustion of soils. — ^When 

of the ezhaut' soils bocome exhausted of those substances 
Hon of »oiUr ^jiich form the mineral food of plants, the 
growth of vegetation ceases. It is never absolute, 
but consists in a great reduction of that portion of 
their material which is in a condition to be appropri- 
ated by the growing plant. Such soils are gradually 
restored by rest. A gradual decomposition of their 
insoluble material occurs by means of agencies which 
have before been mentioned, and the soil is thus re- 
stored to its original condition. These effects are very, 
much hastened by plowing in such a growth as can: 

18 
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be obtained. Rye, buckwheat, and clover are among 
the plants best adapted to the purpose. Vegetable mat- 
ter is thus added to the soil, which, in its decay, hastens 
the decomposition of the soil itself. 

What %9 M$d 1028. DEnCIENCY OF ONE OR MORE CON- 

of dejuien- 8TITUENTS. — ^Thc Comparative exhaustion 

net tn parHe- . /» -, - 

tdar eonititu- of somc ono or morc of the constituents 
*'*^*^ of the soil, is a much more frequent oc- 

cuTfence. It is commonly the result of the cultiva- 
tion of the same crop during many successive seasons, 
and the consequent reduction of those materials which 
the particular plant requires in largest proportion. De- 
terioration of soils from this cause, is repaired by an 
artificial supply of the failing ingredients. It is more 
wisely guarded against by such a rotation of crops as 
shall make different demands upon the soil in succes- 
sive years. 

What%9 9aid 1029. MAINTENANCE OP FERTILITY. 

of th^ effect of The effect of decomposing animal matters 
mUmal matter on the soil, has been already considered. 
til the soiu rpj^^y return the very material which was 
abstracted from the soil, with the addition of nitro- 
genous matter, originally derived from the air by the 
growing plant. In an enlightened system of rural 
economy, the production of these materials in large 
quantity and their careful preservation, is therefore an 
object of paramount importance. The addition of 
gypsum or dilute sulphuric acid to fermenting ma- 
nures^ is of great advantage in retaining their ammonia 
in the form of sulphate, and preventing its escape into 
the air. When additional ammonia is required, i; is 
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most cheaply obtained in the form of guano. The 
phosphates, whose quantity may be often increased 
with advantage, are best supplied in the form of " super- 
phosphate of lime." Other materials are less frequently 
required. For further information on the subject of 
the present section, the student is referred to works 
which treat especially of Agricultural Chemistry. 
,^ . ., 1030. "Superphosphate of lime." — 

What M 9atd __ 11.1 

of 9uperpho8- The method employed in the manufacture 
phauof timet ^£ "superphosphate of lime," has been al- 
ready given in the chapter on Salts. As in the case 
of guano, its agricultural value depends on actual or 
potential ammonia, and phosphate of lime. In propor- 
tion as the phosphoric acid i£i in a soluble form, the 
value is much increased. Additional information on 
this subject is given in the Appendix. 
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„ . , 1031. Relations of animal and yege- 

ffowuthe __- _.^ - , . 

life of ani' TABLE LIFE. ^The life Of animals IS SUS- 

mahauuatnr Gained by the consumption of material 
compounded and prepared by the plant, 
and converted into its own substance, out of the mate- 
rials of the earth and air. This is virtually true even 
of the carniverous species, for the animals on which 
they feed have derived their support from the vege- 
table world. When they yield their own flesh as food, 
it is only a changed vegetable matter which they thus 
supply. All animal matter may therefore be regarded 
as vegetable matter, more or less modified, or entirely 
transformed by the processes of the animal body. 

1032. Formation of blood. — ^The blood 
o/^/.,::^ is, as it were, the river upon which the 
Hon of the material required for animal growth is 

blood / 

floated to its destination. This complex 
fluid will therefore first engage our attention. The 
food having been ground up by the teeth, and moist- 
ened by the saliva, is conveyed to the stomach, and 
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submitted to the action of the gastric juice. Here it is 
converted into a uniform greyish semi-fluid mass, called 
chyme. The chyme is pushed forward by sponta- 
neous contraction of the stomach. It yields its nutri- 
tious matter, in the form of a milky liquid called 
chyle, to minute absorbent vessels, distributed upon 
the surface of the intestines. Through these absorb- 
ent vessels it passes into the general circulation, and 
is converted into blood. 

What are the 1033. TRANSFORMATION Or THE FOOD. 

officer of the The transformation of the nutritious por- 
^ncreatie tiou of the chymc iuto chyle, is effected, 
juieeM? jj^ ^^^ Yyy ^j^Q gastric juice, and in part by 

the secretion of the pancreas. The latter organ lies 
back of the right end of the stomach, and pours its 
secretions into the duodenum, or first of the small in- 
testines. The gastric juice dissolves the protein com- 
pounds of the food, while the secretion of the pan- 
creas transforms the sugar and starch of the food into 
grape sugar. The chyle is thus perfected, and pre- 
pared to be drawn off from the refuse portions of the 
food. As sugar forms no part of healthy blood, we 
must suppose that it undergoes immediate transforma- 
tion into fat or other material, as soon as it enters the 
circulation. The office of the bile which is secreted 
by the liver, and poured into the intestines, is not tho- 
roughly understood. 

1034. The gastric juice. — The saliva 
^iv^f^fncy which is mingled with the food in masti- 
cfthegMtrie nation, has an effect similar to that of the 
^ secretion of the pancreas. Another of its 
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{»*obab1e agencies is to introduce air into the stomach, to ' 
act upon its lining membrane and produce from it one 
of the constituents of the gastric juice. The solvent 
agency of this fluid is in part owing to the ferment 
thus formed, and in psurt to the free acids which it con- 
tains in solution. The latter are phosphoric, hydro- 
chloric, butyric, and lactic acids, in part free, and partly 
in the form of salts. 
^. , 1036. Composition of the blood. — 

Gnve the eomr x/-/»ii-i-i-i ., i ,i 

poaitumofthe If fresh blood IS beaten with a branched 
blood. stick, it is separated into a slightly alka- 

line liquid, called the serum, a fibrous material called 
fibrine, and red globules, which sink, after a time, to 
the bottom of the vessel. The fibrine adheres in threads 
to the stick with which the operation is performed. It 
is analogous, in composition and properties, to the vege- 
table gluten from which it is formed. The serum con- 
tains albumen, and resembles the white of egg. The 
globules are also principally albumen, with a small 
proportion of a red coloring matter called hematosine. 
Albumen and fibrine both contain phosphate of lime or 
bone earth. The serum contains, also, certain salts, 
and a small proportion of fat. All of these substances 
together form but about one-fifth of the blood; the 
remaining four-fifths are water. When blood is left to 
stand, after being drawn from the body, the fibrine coag- 
ulates spontaneously, entangling and taking with it the 
red globules, and thus separating them from the serum. 
1036. Animal nutrition, — ^It is evident 
ah arJfound fro«i ^^0 preceding paragraph that much 
Jft'^^w; of the material required to build up the 
body, is found ready formed in the blood. 
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It has been transferred to it from the vegetable world 
without material change in composition. Thus the 
fibre which is required for muscle and fat to fill out the 
tissues, require only to be built into their places in the 
animal frame, as a mason lays up a wall from materials 
provided to his hand. For the production of other 
animal substances, essential changes are required. The 
power of selection and appropriation of the proper ma- 
terials for every organ and every secretion, is found to 
reside in innumerable minute cells, which are distributed 
in every part of the body, and are endowed with pecu- 
liar powers, accordmg to the offices they are designed 
to fulfill. 

BONES, FLESH, &a 
,^ 1037. Bones. — Bones consist of earthy 

What is the , ., . , 

composition of matter, and a cartilagenous material com* 
iHhL^r *' nionly known as gelatine. The bone 
earth, or mineral matter, is principally 
phosphate of lime, and forms in mammiferous animals 
about two-thirds of the whole weight. The remaining 
third is cartilage. Either of these constituents may 
be removed from the bone without effecting its shape. 
By removal of the cartilage, a brittle, earthy frame- 
work remains. By removal of the earthy material, a 
perfectly flexible mass is obtained, of a form entirely 
similar to that of the original bone. The first change 
may be effected by long digestion in dilute muriatic acid, 
and the latter by fire. If in the second process the car- 
tilaginous matter is not entirely consumed, bone black 
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or animal charcoal is produced, the uses of which 
have been already described. 

O/whatdoei 1038. Flesh. — ^Lean flesh or animal 
He9heonn9tf musclc is composcd of fibriue, penetrated 
by a liquid which forms four-fifths of the whole, and is 
called flesh fluid, or juice of the flesh. It contains a 
peculiar organic acid, possessing the flavor of broth, 
crystalline substances called creatine and creatinine, 
and certain salts. Being extracted by cold water and 
then heated, it forms a nourishing and highly flavored 
soup. Hot water coagulates its albumen, and prevents 
its escape from the flesh. Gradual heating is on this 
ground to be recommended in the preparation of soups, 
while sudden exposure to a high temperature, both in 
boiling and roasting, yield more nutritious and highly 
flavored meats. The salts of potash prevail in the flesh 
fluid, while those of soda are more abundant in the 
blood. Unlike the blood, this fluid is acid in its re- 
action. 
-^ . . , 1039. Skin, tendons, ligaments. — The 

What tff sata ' ' 

m^iendont and cartilaginous material above mentioned as 
ligaments f ^ constituent of bones, is transformed by 
boiling water, without change of composition, into 
gelatine or glue. The skin, cellular membrane, tendons 
and ligaments of the body undergo the same change, and 
yield the same product. Gelatine may even be prepared 
from refuse leather, by first extracting the tannin,^and 
thus reducing it to the condition of the original hide. 
The tannin obtained in the process may also be em- 
ployed for tanning new hides. Hoofs, hair, horn, and 
feathers, although very similar substances, are not thus 
affected by boiling. 
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What Uffela- 1040* GELATINE. — Gelatine is soluble in 
iinef Water, and yields a stiflf jelly on cooling 

from a hot solution. On this property is based its use 
in the preparation of jellies for the table. The com- 
mercial article employed for this purpose and ordinary 
glue are essentially the same. 

1041. The substance known as wm- 

Give the com- , .ii-i.-iiii i. 

poiition and glo^9, IS the dried air bladder of a species 
%IM^^ ^^ ^^ sturgeon, and forms in its natural con- 
dition, a soluble gelatine. Gelatine contains 
the four principal organic elements ; nitrogen and oxy- 
gen being in somewhat larger proportion than in the 
jHTOtein bodies. Hoofs), hair, and the other substances 
above mentioned, contain sulphur in addition. Gelatine 
is susceptible, like the protein bodies, of putrefaction, 
and also of exciting fermentation. As starch is changed 
into sugar by the action of dilute sulphuric acid, so by 
the action of oil of vitriol, gelatine may be converted 
into a sweet crystalline substance, called glycocoll or 
sugar of gelatine. 
,^ 1042. Hides, tanning. — A solution of 

WhcU chemical t . ^ . , . . , 

combination gelatin forms. With tannm or tannic acid, 
0^8 in tan- ^ teuacious insoluble precipitate. The 
tanning of leather depends on the forma- 
tion of this insoluble compound in the hides which 
are submitted to the process. They are im- 
mersed for this purpose in an infusion of oak 
and hemlock bark, until the combination has 
taken place throughout the whole thickness. 
They are thus secured against putrefaction 
and converted into firm, elastic leather. Hides may 

18* 
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also be preserved by soaking them in alum and after* 
ward in oil. Soft chamois' leather is prepared by 
working the skin with fat alone. 



FATS. 

1043. Composition. — We have already 

What U 9aid 

of the eoMti' Seen that there are both acids and bases of 
tuttan offatsf puy^jy organic origin, and that these may 
combine like the similar compounds of inorganic chem- 
istry, to form salts. The animal fats and oils are mix^ 
tures of such compounds in different proportions. The 
principal of these organic salts axe stearine, margarine^ 
and oldne. Stearine is solid, oleine fluid, and marga* 
rine occupies a middle position between the two. The 
difference of consistence in butter, lard, and tallow, 
is owing to varied proportions of these three substances 
which enter into their composition. Beside the fats 
contained in other parts of the body, the brain and 
nerves of animals contain, with albumen and water, 
certain peculiar acids and fats. 
„ , 1044. Separation of fats in oil. — 

Hovi matf the ■• « . /• i i •! 

canetuuente of The steariue and oleme of whale oil sep- 
Vat^l^^ arate spontaneously in cold weather. The 
cold which is sufficient to harden the for* 
mer, leaves the latter in a fluid condition. This effect 
is often observed in lamps during winter weather. The 
case is quite analogous to the separation of cider into 
alcohol and water, by freezing. The water congeals, 
and leaves the alcohol fluid. • Both separations are in^^ 
perfect. As the alcohol produced by the above process 
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is diluted to a large extent with water, so the oleine 
retains a considerable portion of stearine in solution. 

1045. Separation of fats in tallow 
different fai% AND LARD. — Stearine is obtained from lard 
%pl^edf ™^ tallow on a similar principle. It har- 
dens on partially cooling the melted fat, 
forming a mass from which the fluid oleine may be sep- 
arated by pressure. Stearine thus obtained is used in 
the manufacture of candles, while the oleine forms 
lard or tallow oil. The former has, of late years, given 
place to stearic acid, procured from the same sources, 
by means to be hereafter described. Margarine may be 
separated from butter by similar heating and slow 
cooling. It is regarded by some chemists as a simple 
mixture of stearine and oleine, and not a distinct sub- 
stance. 

1046. Glycerine. — Glycerine is the base 

What is gly- 

eerine? ffow of all the fatty salts which have been 
uttmade^ mentioned. It is a viscid, sweetish liquid 
containing the same elements as grape sugar, and in 
nearly the same proportion. On removing the stearic^ 
and oleic acids from melted stearine, or oleine, it re- 
mains in the liquid form. This removal may be ef- 
fected by lime. The white lime compound floats 
upon the water which is used in the process while 
glycerine is dissolved. 

Bow is stearic 10^7. STEARIC ACID.— The COmpOUUd 

aeidmadei formed by lime, as described in the last 
paragraph, if tallow has been used in the process, is a 
mixture of oleate and sterate of lime. From these, 
stearic and oleic acids are liberated by the agency of 
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diluted oil of vitriol. The material floats ou the dilute 
acid, gradually losing lime, and becoming transparent 
by its action. Sulphate of lime or gypsum is formed 
at the same time and sinks to the bottom of the vessel. 
The stearic and oleic acids are drawn off while yet 
warm, and run into cubical moulds. The latter is sub- 
sequently removed from the mixture by gentle heat 
and pressure. The remaining stearic acid is then re- 
melted and allowed to cool slowly. It is thus ob- 
tained in a brilliant white mass, of crystalline texture, 
with the lustre of mother of pearl. This material is 
principally employed in the manufacture of candles. 
Its superiority to stearine for this purpose, consists in 
the fact that it is less softened by heat. The two sub- 
stances differ in their melting point about ten degrees. 
^ 1048. Soaps. — Soaps are compounds of 

€uh and9oda Stearic and oleic acids with caustic potash 
paredV^ or soda.* They are produced by boiling 
fats with either of the alkalies, till the 
mixture becomes nearly or quite transparent. The 
glycerine which is expelled from the fats in the process, 
remains mixed with the soap which is produced. Pot- 
ash soaps are soft. Soda soaps may be converted into 
^floating coagulum, and separated from the water used 
in their preparation by means of common salt. This 
method is employed to give them their hardness. The 
action depends on the insolubility of the soap in salt 
water. Salt added to potash soap seems to have the 

♦ In th6 ordinary preparation for soap making, the lye is made to 
pass through lime in the lea<Sh tub, that its carbonic acid may be par 
tiaUy remored. 



same effect. But its action in this case is due to a 
double decomposition, in which a floating soda soap is 
formed, chloride of potassium remaining in solution. 
Soaps may be also made without the use of water, by 
combining oil or fat with melted potash. 

1049. Liniments, &c.-*Soap6 are soluble 

lioio are trans- .,,,>, 

parent aoap8 iti alcohol, formmg the tincture of 8oap 
""^ar^"^ Which is used for bruises. With the ad- 
dition of camphor, this tincture forms apo- 
deldae. Transparency is imparted to soap by the evap- 
oration of an alcoholic solution of the well dried mate- 
rial. Liniments are soaps prepared from ammonia and 
oil by the simple agitation of the materials. 
„ , . . 1060. Properties op soaps. — Soaps 

Explain t/ie '^ 

cleansing ae- which are prepared, as above seen, from 
HoHo/toap. ^jjg ^^^ fg^^g^ jjg^g ^l^g property of dissol- 
ving more of the same material. On this property 
their cleansing effect principally depends. When they 
are dissolved, a portion of the alkali becomes free by 
the substitution of water as base. This free alkali 
adds to the cleansing effect, by its own affinity for the 
oils and other organic matter. Alkalies alone are not 
equally effectual ; they tend to shrink the fibre of cloth, 
and thus protect it against a perfect purification. The 
strength of the tissue is at the same time gradually im- 
paired. 

MILK, BUTTER, &a 

^ . , 1061. Milk. — ^Milk is analogous to 

What U the ,, , . • • i- j • ^i. 

wnvoHtionof blood in compositon, as is implied in the 

■**^*' office which it I'ullillsin the nutriment of 
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Che young animal. But casein takes the place of the 
fibrin of the blood, and fat is also found iu milk, in 
much larger proportion. This fluid also contains sugar^ 
which is peculiar in its character and has therefore 
received the name of sugar of milk. Butter is pro- 
duced by the coalescence of the small particles of oil 
which are suspended in milk, and partially separated in 
the cream. Chemically considered, it is a mixture of 
oleine and margarine. On partially cooling melted 
butter, the latter collects at the bottom of the liquid 
oleine, which forms the other constituent ; a portion 
at the same time remains in solution. Beside the 
above substance, butter contains phosphates and other 
salts, with certain neutral fats, from which it derives 
its flavor. 

1052. Cheese. — On exposure to the air 
curK^rated for a considerable time, the sugar contained 
by exposure? ^^ miSk is partially converted in lactic acid, 
and the casein is precipitated. One reason of this pre- 
cipitation is to be found in the neutralization of the 
free alkali of the milk. The casein having thus lost 
its solvent, assumes the solid form. The coagulation 
of milk may also be effected by rennet^ which con- 
sists of an infusion of the lining membrane of the 
stomach of the calf. Its mode of action is not well 
understood. 

1053. Solid milk. — Milk may be 
miUpr^* brought into the solid form by careful 
paredf evaporation, with a moderate heat. It 

must be constantly stirred during the process. A ma- 
chine ha« been recently patented which secures all of 
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these objects. With the addition of a little soda and 
gum, milk may be thus kept sweet in the solid condition 
for many months. The addition of water is all that 
is necessary to reproduce it in its original form. 

CHEMICAL CHANGES IN THE ANIMAL BODY. 

What is Mid ^^^^* Certain important changes which 
of changes in are Constantly occurring in the animal body 
i^^nimai remain to be considered. The body is 
not the same in any two successive mo- 
ments of its existence. Every breath exhales a por- 
tion of its substance into the atmosphere, and every 
eflfort, whether of brain or muscle, is accompanied by 
some transformation in the material of which it is 
composed. 
„ ,. 1055. Changes IN THE BLOOD. — Bycom- 

Mention eer- ,11,- . , . , , 

tain changes paring the blood of aiumals with their 
in the blood f £^^^^ .^ ^jj ^^ evident that certain mate- 
rials have been not only modified, but entirely trans- 
formed in its production. Starch and sugar are impor- 
tant constituents of the food, but they form no part of 
healthy blood. They are transformed into fat or other 
material as soon as they enter the circulation, and in 
this new form constitute the fuel from which the heat 
of the animal body is derived. Other changes which 
occur in the blood will be mentioned in subsequent 
paragraphs. 

. 1066. Animal heat. — The oxygen 

source of an- which is uccessary for the slow combustion 
imaiheatf ^f ^j^^ material above mentioned, is taken 
into the blood in the course of its passage through 
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the lungs. It passes on with them, through the ar* 
teries, into the minute capillary vessels which are 
distributed throughout the body. In these vessels 
their combination takes place, with the same produc- 
tion of carbonic acid and evolution of heat, as if 
the material were burned in air or oxygen gas. The 
carbonic acid thus formed is carried back to the lungs 
in the venous blood, and there exhaled, through the 
thin membrane of the air cells, and exchanged for a 
new supply of oxygen gas. In view of the relations 
of starch and sugar to the process of respiration, as 
above shown, they have been termed the respiratory 
constittients of the food. 
„„ . ., 1057. Respiration. — In cold weather 

What ts tatd _ . . • , i i • i 

fitrther ofrea- a larger amount of oxygen is mhaled with 
piratum f every breath, in consequence of the greater 
density of the air. Respiration is also involuntarily 
hastened, and the blood, from the two causes combined, 
becomes more thoroughly impregnated with oxygen 
gas. The transformation or combustion of the respi- 
ratory constituents of the blood, proceeds more rap- 
idly in consequence, and more internal heat is pro- 
duced to oppose the external cold. This is one of the 
provisions of nature by which the animal body is ena- 
bled to resist the influence of the seasons and of cli- 
mate. Labor has the same eflfect as cold in hastening 
respiration and necessitating a larger supply of food, 

Wliat change 1058. CHANGE IN COLOR OF THE BLOOD. 

of color doei Pfom the fact that the globules of the 

the blood ^*- , , , ^ . , 

perience in the blood undergo a change of color in the 
'*'*^* lungs, where oxygen is absorbed, it is pre- 

sumed that they serve, by absorption of the gas, as the . 
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medium for its conveyance through the body. As 
a consequence of the changed color of the globules, 
arterial blood is of a bright scarlet, while venous 
blood is dark red. The same change of color which 
takes place in the lungs, may be readily produced by 
agitating blood drawn from the veins with air or ox- 
ygen gas. 

Whatistaid 1069. RELATIONS OF FOOD AND TEM- 

of the reia- PERATUBE. — In proportion as the draft of 
and tempera- a furnace is increased, more fuel must be 
^^^ ^ supplied for its combustion. For the same 

reason more respiratory food must be taken into the 
system, in proportion as more atmospheric oxygen is 
inhaled. The fact that a larger quantity is required in 
northern climates thus receives a scientific explanation. 
The preference entertained in arctic regions for cer- 
tain kinds of food, is also accounted for by the same 
necessity for increased resistance to the external cold. 
The train oil and fat which the Greenlander con- 
sumes with avidity, are a better fuel in the animal 
body than the starch which form a principal part of 
the food consumed in warmer climates. The chemical 
reason of this difference is found in the fact, that 
starch and allied substances contains oxygen in larger 
proportion. They are, as it were, in their natural con- 
dition, partially burned or oxidized substances. 

1060. Change of the animal tissues. 

What change _ • , i 

takes place in In proportion to the muscular or nervous 

(^^^/""•^ activity of the animal, the substance of 

the body is disorganized and returned to 

the blood from which it was produced. From the 
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blood it is finally removed by the kidneys, principally in 
the form of urea and uric acid, and thrown ojff as waste 
material from the systein. These substances, although 
organic, may be figuratively regarded as the ashes of 
the consumed muscle and other nitrogenous constitu- 
ents of the body. A portion of the carbon and hy- 
drogen of the animal organs has at the same time dis- 
appeared, like the elements of respiratory food, in the 
form of water and carbonic acid. 
^rl^at is 1061. Urea. — Urea, when separated 

mid of Urea f f^^^ j^g solution, is obtained as a white 
crystalline solid. Its molecule contains four atoms of 
hydrogen, to two each of carbon, nitrogen, and oxygen. 
When left in contact with the mucus with which 
it is accompanied in the secretion of the kidneys, 
it is speedily converted, by combination with four 
molecules of water, into carbonate of ammonia. Urea 
may also be artificially produced from cyanic acid and 
ammonia. This cyanate is identical with urea in 
composition, and is converted into urea by solution in 
water and evaporation. It was among the first of 
organic bodies artificially produced. Uric acid con- 
tains the same elements with a larger proportion of 
oxygen, and also yields ammonia by its decomposition. 
Besides the above substances, the secretion of the kid- 
neys contains various soluble salts, which have formed 
part of the body. The insoluble salts are removed 
from the system by other means. 
„„ , . . , 1062. Disappearance of pat. — Starva- 
o/ihediaap' TioN. — When the supply of respiratory 
prance of ^^^ ^^ deficient, nature avails herself of 
the fat previously stored in the animal 
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body, as fuel to sustain the animal heat. It is taken 
up by the blood, and burned in the capillary vessels, 
as before described. This happens in the case of the 
bear and other hybernating animals. Lying dormant 
during the winter season, their fat is consumed, and 
they emerge lean from their dens in the spring. Where 
food is deficient and there is no accumulation of fat to 
supply its place, the muscle and other portions of the 
body are consumed, and death by starvation is the con- 
sequence. 

1063. Repair op the tissues. — As fast 

How are the 

tUaues repair- as the wom out matter of the muscles 
and other organs is removed, its place is 
supplied in the healthy body by new material from the 
blood. Through it, also, the phosphates of the soil 
and the vegetable world are transferred to the skeleton 
of the animal, and in smaller proportion to other parts 
of the frame. The blood is itself renewed by the 
materials of the food. 

1064. YiiRiETiEs OF FOOD. — ^It is implied 

Mention too . , - , , , i. 

eiastes of m the forcgomg, that the two classes of 
food. substances which enter into the compo- 

sition of the food of animals, subserve very different 
purposes in the animal economy. The first class, of 
which starch and sugar are the principal, serve, by their 
gradual combustion, to sustain the animal heat. They 
are included, as above stated, under the general name 
of respiratory food. IHie protein bodies, on the other 
hand, all of which contain nitrogen, are appropriated 
in the formation of blood and muscle ; they make up 
the sanguineous or plastic food. In view of the fact 
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that the req>iratory food enters also, in a clumged fonOi 
into the composition of the blood, the former term 
can scarcely be regarded as distinctive. The latter. 
which designates the office of the protein bodies in 
furnishing material to build up the organs of the body, 
is much to be preferred. 

1065. Pboportions of food. — ^For the 

What ia naid . , /. • i . • /. 

of the import' economical sustenance of animals, it is of 
propo^iwTo/ importance that a proper relation of quanti- 
thetwo kinds ty should be maintained between these two 
varieties of food. Respiratory food alone, 
provides no material for supplying the waste of the or- 
ganized tissues. Plastic food, on the olber hand, is es- 
pecially adapted to this end, but is poor fuel for sus- 
taining the heat of the body. Yet in lack of other 
material, it is diverted from its natural use, and thus 
appropriated at great economical disadvantage. 
^, ^ 1066. Nature teaches us something on 

Whatdoesna' , . ^. . • , ^ .„ 

ture teach on this subjcct, lu the compositiou of milk 
thueui^eetf ^^^ ^j^^^^ grains which constitute the 

principal food of man. It will be found by reference 
to the table in the Appendix, that the quantity of 
respiratory matter in these substances, is from three to 
six times greater than that of the plastic material. 
When the object is to fatten an animal, the proportion 
of respiratory matter may be considerably increased 
by the use of potatoes, rice, and other farinaceous food. 
Being furnished in excess, it accumulates in the body 
in the form of fat. Working animals, on the other 
hand, must be supplied with nitrogenous or jdastio 
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food in large proportion. The use of bacon, with 
peas, beans, and eggs, and many other popular mix- 
tures of food, are accounted for on the principle above 
stated. For the development of most of the views 
presented in this chapter, the world is indebted to the 
distinguished Liebig. 



ORGANIC ANALYSIS 
„ 1067. Ultimate analysis. Carbon and 

How art car- 

banancThy' HYDROGEN. — The proportions of carbou 
mm^df^^ and hydrogen in organic substances, is 
ascertained from the quantity of carbonic 
acid and water which they yield on combustion. The 
combustion is effected in a glass tube, by means of 
oxide of copper, and the products are collected by 
means similar to those described in the process for an- 
alyzing the air. 

^ 1068. Nitrogen and oxygen. — The pro- 

mote ar«nt<ro- . >, . . , 

gen and oxy- portion of uitrogeu in an organic substance 

g^^^determin- ^ usually determined by the quantity of 
ammonia it will yield by combination 
with hydrogen. This combination is effected by 
heating the organic substance with hydrate of potassa 
or soda. The quantity of the ammonia produced in 
the process is estimated by the amount of acid it will 
neutralize. From the weight of this compound, that 
of the nitrogen it contains is readily calculated. The 
amount of oxygen in an organic substance is ascer- 
tained by subtracting the total weight of all the other 
constituents. 
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JSTdwartfor- 106®- PROXIMATE ANALYSIS. ^When it 

'^o^o^*** is desired to separate organic bodies from 
firameaeh CEch Other, and determine their relative 
•***^' proportion without reference to their ele- 

mentary composition, the methods are analogous to 
those of inoi^anic chemistry. Distillation, and the 
analysis of the fats, which have been a.h:eady described, 
may be taken as examples. 



CHAPTER IV. 



CmCULATIOK OF MATTER. 

1070. The relations of the three king- 
Hu relation doms of nature have been already inciden- 
%n^dJ^^of *^ly considered in former parts of this 
naturei work. It remains to present the subject 

in a single view. It is obvious, at a glance, that the soil 
does not furnish all the material which 13 required for the 
wants of vegetable life. The level of our meadows 
is not lowered by removal of successive crops, nor 
does the forest dig its own grave at its rootis as it lifts 
its ponderous trunks into the air. The atmosphere 
as well as the soil, contributes to the increase of mass, 
whether of wood or grain^ and indirectly feeds all 
races of animal existence. The relation of the three 
kingdoms of nature is thus established. 

1071. Water is one of the principal 

How does wa- . , i. . 1 . 4. 

ter serve in agents m the system of circulation of 
thednmlaHon matter, which constitutes the life of the . 

oj matter t ' 

globe we inhabit. In the fulfillment of its 
office, it passes incessantly from sky to earth, now 
mingling with the currents of . the atmosphere, and 
anon with those which form the arteries and veins 
«f the great world of waters. Lifted into the atmoft- 
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phere by the suu, it descends again in dew and rain, 
corroding and dissolving the rocks on which it falls, 
and distributing them widely over land and sea. 
_, , ' 1072. It settles through the stony crust 

What dUtinei ^ , _ . , , ^ ^ , 

office doen it 01 the earth, into the dark recesses of the 
J^fi^^ ^ocks where crystals blossom out of the 

formless stone, and supplies them with the material 
for their wonderful architecture. It penetrates the 
soil, and supplies the same material to the roots of 
plants for the still more wonderful creations of leaf, 
and fruit, and flower. Again it hastens through 
brooks and rivers on its course, and pours its burden 
into the sea, for the use of the innumerable forms of 
vegetable and animal life which inhabit its waters. 
The coral insect builds up solid islands out of the mat- 
ter it provides. Countless shell-fish clothe themselves 
in the same rocky garments, and finally cast them aside, 
to be buried under the slime of the sea and harden, in 
the course of ages, into stone. The water which has 
served these various offices, climbs anew into the 
heavens upon the solar rays, and again descends in 
the rain, repeating forever its round of service to the 
earth. 

1073. The further relations of the three 
jMher rda- kingdoms of nature may be presented in 
a^e IciH^- * single picture. Imagine a giant tree, the 
dmfM U tl/««- representative of all the vegetation of the 
earth, spreading wide its branches as a shel- 
ter for man and beast. Let us suppose them to subsist 
entirely upon its fruit, and to warm themselves by fires 
made from its branches. The tree, through its ieiLVfsii 
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draws its supply of gaseous food from the atmosphere, 
and through its roots, its mineral sustenance from the 
soil. It has purified the air in the process, of gases 
which would become noxious by accumulation, and 
returned to it the oxygen which is the vitalizing breath 
of the animal world. The mingled material of its 
food, worse than worthless to animals, has, at the same 
time, been transformed into wood and fruit, and other 
forms of vegetable matter. 
^ _ , 1074. At this point, without interruption 

Explain the . , . . 

rehtm of mat' in the cuTCUit, commeuces the return of 
molph^e!^ material to the atmosphere from which it 
was derived. Animals that feed upon the 
fruit of the tree, already breathe much of it back 
again to the air, while they live, and the rest is re- 
stored by their death and subsequent decay. Leaves 
that fall and moulder, and branches that are burned as 
fuel, make the same return of the elements of which 
they are composed, to the great reservoirs of the at- 
mosphere and earth. And what happens thus to leaf 
and fruit, happens also at last to the parent tree itself. 
One by one its giant branches fall and moulder, and 
melting again into the air, add to its inexhaustible 
stores of fertility, and provide the material for a new 
round in the grand system of circulation. 

1076.— What happens beneath the single 

juustrate the ^^ ° 

extent of thew tree, occurs also m every flower that lifts 
relations, .^^ petals to the sun, and is a thousand 
times repeated in every forest upon the face of the earth. 
No limits of distance or of size, restrict the mutual rela- 
tions and dependencies of nature. The exhaled carbon 

19 
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of the polar bear feeds the lotus of Egyptian plains, 
and the breath of the southern lion is redistilled in the 
fragrance of the Norwegian pine. The particle of mat- 
ter that once burned in the fire of the poet's brain, and 
floated with his song upon the air, now blooms in the 
mountain flower and anon lies buried in its mould. 
^^ . 1076. According to the view thus pre- 

materud tovr- sented, it will be seen that the sun is the 
of tC *wJ^) P**^ material source of the life of the world. 
He wings the vapors that rise from the sea, 
and fall again to make their ministering circuit in 
the earth. The solar rays are the agents also, in the 
transformation of matfer, which takes place in every 
leaf and blossom, and provide the animal kingdom with 
its food. 

1077. No less is the sun the source of 

Bh<n»k&w Uii 

the wurte of all the mechanical power which is known 
upon the earth. The falling flood of Ni- 
agara is but the recoil of the spring which 
is bent in evaporation from the sea and earth. All 
force which is derived from the fall of water, is 
thus traceable to the sun, which lifted it in the form of 
cloud and vapor. The energies of fire and steam, are 
only other forms of the force inherent in the solar rays, 
originally exercised in the organization of the vegetable 
matter which serves as fuel. Immediately produced 
by oxidation, and the heat which it evolves, they find 
their ultimate source, as well as their precise equivalent, 
in the deoxidizing influence of the solar rays. The 
forces of the human body are fed by consumption of 
similar materials, and may therefore be traced to the 
fame source. 
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1078. Every planet that surrounds with 
infiuef^hM its orbit the great centre of our system, is 
thetunr equally dependent' upon his influence. 

Held in their courses by his attraction, and. encircling 
him in ceaseless revolution, they draw from the parent 
orb the strength and beauty which clothes their 
lesser spheres. What wonder, that in vague acknowl- 
edgement of his influence, heathen have acknowledged 
the sun as their God, and worshipped at his shrine. 
How natural that Christian nations should find in his 
life-giving power, a fitting emblem of the glory and 
beneficence of the great Father of the Universe, by 
whom all suns and systems, are, and were created* 
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In this Appendix are included formul» descriptire of chem- 
ical reactions, and other matter no less important, whose in- 
troduction into the text would have interfered in a measure 
with the plan of the work. 

The formulas constitute a precise statement, in the lan- 
guage of the symbolical nomenclature, of the reactions al- 
ready described in more general terms. It is not to be 
understood from the formulse that the materials concerned 
in any process must always be brought together in the pre* 
cise proportions indicated in the first member of the equation. 
One or the other may be in excess ; if so, the excess is null, and 
not considered in the formula. The latter regards and indi- 
cates only the relative quantities which are actually concerned 
in each reaction — the first member having reference to the 
materials employed, ^d the latter to the products. 

Interpreted according to the atomic theory, each formula 
gives on the one side of the equation, the nature and rela- 
tive number of the atoms or molecules which take part in 
any reaction, and on the other, the nature and relative num- 
ber of those which result. 

The student will do well, as an occasional exercise, to cal- 
culate from the formulae the relative quantities of materi- 
als required in a reaction, and of products resulting from it 
in pounds and ounces. A T in the tables stand respectively 
for. acetic and tartaric acids. 
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§i6a 

The numbers given in the text are only approximations. 
The exact quantities may be readily calculated by the law 
of expansion and contraction of gases, and vapors previously 
given, taking the volume of steam at 212*» (§ 232,) as a start- 
ing point. 

§232. 

According to the most recent determination, by Regnault, 
the latent heat of steam is 966*8®. According to the same 
experimenter the sum of the latent and sensible heat is not 
rigorously constant 

§235. 

The apparatus commonly employed in the laboratory fiir 
distillation, consists of 
a retort and receiver, 
as represented in the 
figure. In Liebig's ap- 
paratus, for the same 
purpose, the vapors are 
made to pass from the 
retort or flask through 
a long inclined tube. The latter is enclosed in a second tube, 
which is constantly supplied with cold water. A more per- 
fect condensation is thus effected. 

§ 248. 

Active force op the galvanic ctTKRENT. — The ctetiw 
force of the galvanic current., is directly as the whole eleetro- 
motive force in operation, and inversely as the sum qfaU the 
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impediments to conduction. The above is Ohm's law. By 
the electro-motive force, is to be understood the whole force 
generated by the chemical action in the battery. The im- 
pediments are found in the imperfect conducting power of 
the bodies, whether liquid or solid, which enter into the cir- 
cuit, and the resistance which the current encounters in 
passing from one to another. 

§ 273. (1.) 

Smeb's Batterit. — Of all the batteries in common use, 
Smee's, which is represented in the figure, 
is the simplest. It consists of a plate of 
silver, with plates of zinc hanging near it 
on either side. The two zinc plates com. 
municate with each other by a metallic 
connection, and are, therefore, but one 
plate. It is found best to roughen the 
silver with platinum black. Smees' bat-| 
teries are commonly sold in this condition. 
The clamp and bar ar6 simply to keep the 
plates in place. Water acidulated with 
from one-seventh to one-sixteenth of its bulk of oil of vitriol, 
is employed in this battery. It is generally used in plating, 
and is recommended to the student on account of its cheap- 
ness, simplicity, and efficiency. 

§ 273. (2.) 

Ghoves* Battery. — ^In Groves' battery the metal plati- 
num is used, instead of copper or silver. It is placed by 
itself, in a porous earthem cup containing nitric acid. The 
vessel is placed in a larger one, containing zinc and sulphuric 
acid. The two acids mix to some extent through the pores 
of the inner cup, so as to complete the circuit by their con- 
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tact Without this the battery could not ope- 
rate. The figure represents Groves* battery, 
with the thumb screws by which the wires 
are connected with the platinum and zinc. 
The outer dark portion within the cup is the 
zinc, divided from top to bottom, that the acid 
may flow freely, and come into contact with 
both sides. 

§307. 

The atomic tbeort. — That combination takes place in 
definite and multiple proportions, is directly proved by exper- 
iment. Oxygen, for example, unites with hydrogen in the 
proportion of 8, 16, 32 and 40, to one of the latter element, 
and refuses to combine in any other proportion. If matter 
were infinitely divisible, no reason can be assigned for this 
fact. Each infinitesimal portion of oxygen possessing the 
same affinities, we should expect to find combination in exact 
proportion to the quantity supplied. 

Dalton's atomic theory, the truth of which is assumed in the 
text, afibrds a luminous explanation of the facts under consid- 
eration. According to this theory, oxygen combines with hy- 
drogen in no smaller proportion than that of 8 to 1, because 
this is the ratio of weight in the least existent particles of the 
two substances. It combines in the proportion of 16, 24, 32 
and 40, by uniting 2, 3. 4 or 5 of its atoms to one of Hydro- 
gen. It refuses to combine in any intermediate ratio, be- 
cause its atoms are indivisible. The same view of the con- 
stitution of matter is essential to the explanation of innumer- 
able facts in organic chemistry. 

The value of a table of atomic weights does not depend in 
the least degree upon the reception of the atomic theory. 
It is a list of combining proportions, determined by careful 
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analysis, and reduced to a simple standard of comparisoiu 
Its truth is independent of all theory. 

Relations of atomic weight and density. — The com- 
parative weight of equal measures or masses of different sub- 
stances is not necessarily the same as the comparative weight 
of their atoms. The -mass of iron, for example, is heavier, 
while the atom of iron is lighter than that of potassium. To 
account for the fact, we must suppose the lighter atoms of 
iron so closely arranged that they thus more than make up 
by their larger number, for their inferior weight. In solids 
generally, there is no correspondence between atomic weight 
and specific gravity ; but in the case of many elements which 
exist in the gaseous state, or are capable of assuming it, the 
correspondence is complete, as shown in the following para- 
graph. 

Combining measures or equivalent volumes. — A cubic 
foot of nitrogen, weighs just fourteen tiroes as much as the 
same measure of hydrogen, and the relation of the atomic 
weight is the same. In combining by atomic weights or 
equivalents, they therefore combine in equal measures. 
Chlorine, and the vapors of bromine, and iodine, belong 
to the same class. Taking hydrogen 1 as the standard, 
their combining measures are all 1. In the case of oxygen 
the correspondence referred to does not exist. It is sixteen 
times as tieavy as hydrogen, while its atom weighs but eight 
times as much ; here again we are under the necessity of 
supposing a closer arrangement of the atoms. Those of 
oxygen are not only heavier, but twice as closely approxi- 
mated. Taking hyjlrogen as the standard, the combining 
measure of oxygen is therefore ^. That of phosphorus and 
arsenic is the same, and that of sulphur }, In the case of 
most other substances the ratio is not so simple. 

In the comparison of combining measures it is more 
customary to adopt oxygen as the standard of unity. The 

19* 
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oombiDiDg measure of hydrogen, cblorine, etc., becomes 
2, as a consequence, and that of other gases or vapors is 
proportionally changed. In the production of compound 
gases, the elements either suffer no condensation or experi- 
ence a very simple change of volume. Thus hydrochloric 
acid gas, formed by the combustion of hydrogen and chlo- 
rine, possesses the united volumes of its constituents. 

Equivalent volumes of compound gases.— As the 
equivalent, or combining proportion of a compound, is 
equal to the sum of the equivalents of its constituents, it 
follows that the combining measure of hydrochloric acid, 
IS equal to the sum of the combining measures of hydro- 
gen and chlorine, 2-|-2=:4. Ammonia is formed by the 
union of three volumes of hydrogen, and one of nitrogeut 
Condensation takes place to the amount of i of the whole 
volume of their mixed gases. The combining measure is 
therefore equal to the sum of the combining measures of the 
constituents divided by 2. The sum of the combining 
measures is 8. 8-=-2s4. Steam is composed of one com- 
bining measure (two volumes) of hydrogen, united with 
one combining measure or volume of oxygen, and condensed 
to two volumes in combination. Its combining measure is 
therefore 2. The above instances may serve as examples 
of the interesting relations of atomic weights, specific quan- 
tity, and combining measures. 

Calculation or specific gravity. — The density or spe- 
cific gravity of a compound vapor or gas of known propor- 
tional composition, may be readily calculated from that of 
its constituents, supposing the amount of condensation which 
takes place in their combination to be known. The results 
thus obtained, are more accurate than any results of experi- 
ment. In like manner the proportional composition of a 
compound may be calculated from a knowledge of its ele- 
mento i>vd density. The density of the vapor of carbon ^jad 
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Other solids which are not known in the gaseous form, may 
be calculated from the density of their compounds with ele- 
mentary gases of known density. That of carbon, for ex- 
ample, may be deduced from that of carbonic acid. The 
calculation involves an assumption as to the equivalent vol- 
ume of carbon. Assuming it to be the same as that of hy- 
drogen, the density of carbon vapor is 428 4. If its equiva- 
lent volume is the same as that of oxygen or ^ that of hydro- 
gen, the density is doubled. 

Atomic volumes.— It is obvious that the number of atoms 
of a given weight in any mass, must be in proportion to the 
density of the mass. The size of the same atoms must be 
less in the same proportion. The atomic volume of any 
substance is therefore obtained by dividing the atomic 
weight by the density or specific gravity of the body. The 
subject of atomic volumes has important relations to the 
science of crystallography. In comparing atomic volumes 
it is assumed that the space which a body occupies is com- 
pletely filled by the atoms, without intervening space. 

Atomic hbat. — The numbers 28, 32, 103, represent, in 
the order in which they are given, the atomic weights of 
iron, copper, and lead. It is a remarkable fact that if the 
three metals be taken in these relative proportions, it wiP 
require the same expenditure of heat to make them equal! 
hot. 103 pounds pounds of lead can be heated up to 212, 
for example, by burning the same amount of alcohol which 
will heat 32 pounds orcopper, or 28 lbs. of iron, to the same 
degree. Most other metals, and the non- metallic element, 
sulphur, come into the same class, or in other words, 
have the same atomic heat. The atomic heat of arse, 
nic and silver is double that of the elements above men* 
doned. Other elements are different in this respect, but 
commonly by some simple ratio of difference. The cor- 
respondence is never absolute, but so close as to have lead 
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many chemists to attribute the variations to errors of exper. 
iment, and to regard the law of correspondence of atomic 
heat as universal. 

§ 313. 

Calculation of formuljb.-— The student interested in 
the subject will readily devise for himself the reverse pro- 
cess of calculating formulas from the per centage results of 
analysis. The formulas obtained must obviously be such, 
that if reconverted into per cents, the numbers obtained will 
agree very nearly with the results of analysis. There may 
sometimes be a doubt whether the simplest formula which 
will express the composition, or some multiple of it is the 
true one. This can only be decided by the' analysis of one 
of the compounds of the substance in which the formula of 
the second constituent is established. 

The reasoning will be best illustrated by an example. It 
being assumed that neutral salts contain one equivalent of 
base to one of acid, the analysis of the neutral sulphate of 
potassa would establish the formula for sulphuric acid, SOs, 
instead of SaOs. K0,S03 would express correctly the com- 
position of the salt, while the substitution of SaOfi for SsOs 
in the same formula, would give a double proportion of acid. 

§823. 

When the same element unites with oxygen in different 
proportions to form different acids, these are distinguished 
by prefixes and terminations, which indicate the order in 
which they stand to each other, with respect to the quantity 
of oxygen. 

The first acid of such a series discovered, generally receives 
the termination " ic." Chloric acid may serve as an exam- 
pie. Another acid compound of chlorine since discovered, 
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and containing more oxygen, is called hyperchloric, signify- 
ing higher than chloric. The other names of the list indi- 
cate, by their prefixes and terminations, the order of oxy- 
genation of the several acids. The same means of distinc- 
tion are employed in other series. 

Hypochlorous acid, - - . . CIO. 

Chlorous acid, ClQs. 

Hypochloric acid, (peroxide of chlorine,) ClOi. 

Chloric acid, C10». 

Hyperchloric acid, .... OlOr. 



§332. KO,C105=KCl+60. 

§334. 3Fe + 40=Fe3 04. 

§338. P+50=P0f. 

§340. C+20=C0a, 

§ 354. 2HC1+Mn0s =2H0+MnCl+Cl. 

§ 356. (CaCi+CaO, C10)+2S03=2(CaO, S0»)+2C1. 

§358. Sb+6Cl=SbClf. 

§362. 

It will be observed, on comparing § 362 with those which 
precede, that chlorine sometimes expels oxygen, and is 
sometimes expelled by it. In relation to the apparent in- 
consistency of these facts, litrle more can be said than that 
chemical affinities are modified by circumstances, the action 
o^' which is not perfectly understood. 

§365. HO+Cl=HCl+0. 

i 375. NaI+2S03 +Mn02 =NaO,S03 +MnO,SO»+I 

§384. S+20=S0a. 

§400. Zn+HO,S03=ZnO,S03+H. 

§408. Cu+2S03=CuO,S03+SOa. 
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§411. 

Iodide of nitrogen. — ^Iodide of Nitrogen, a very explo- 
ftive compound, is formed when an alcoholic solution of iodine 
18 added to tiqua ammonuB. It precipitates in the form of a 
black powder. The precipitate should be thrown upon a 
filter, washed, and while still moist, divided into small por- 
tions for the purpose of experiment. When dry it explodes 
violently by simple touch, and sometimes even spontaneously. 

Chloride of nitrogen. — Chloride of nitrogen is a still 
more dangerous compound than the above. To prepare it 
ajar filled with chlorine gas is suspended over a solution of 
sal ammoniac, contained in a leaden saucer. After the lapse 
of a few hours, an oily liquid forms and falls to the bottom 
of the solution. This is the chloride of nitrogen. Mere 
contact with a combustible material, such as fat, oil, phos- 
pborus, &;c., is sufiicient to cause its explosion. A single 
drop of the liquid explodes so violently as to shatter to pieces 
any earthen or glass vessel upon which the explosion takes 
place. The preparation of this compound cannot be recom- 
mended ; in the hands of the ablest experimenters it has 
been the occasion of the most dangerous accidents. 

§418. P+50=P05. 

§424. KO,N05+HO,S03=KO,SO»+HO,NO*. 

§425. 3Cu+4NO5=3(CuO,NO0+NOs. 

§426. NOa+20=N04. 

§428. 3Sn+2N05=3Sn05i+2NOs. 

§430. 3P+5NOf=3P05+5NOi. 

§483. 6C+P05=6CO+P. 

§ 446. As Ch + 6Zn + 6(H0, S0») = 6(Zn O, S0» + 

3HCl+AsH.. 
§464. C+20=C0a. 
§466. HCl+CaO,COa=HO+CaCl+COa. 
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§478. C0»+C=2C0. 

§480. CaOa,HO+SO»=HOSOi+COi+CO. 

§490. Zn+S03+HO»=ZnO,SO.+H. 

§ 492. 3Fe+4HO=Fe »0« +4H. 

§496. H+0=HO. 

§501. Na+HO=NaO+H. 

§519. H+C1=HCL 

§ 521. HO, SO3 +Na a=Na O, S0» +H a. 

§530. SiO»+8HF=3HO+SiFs. 

§537. N+3H=NH». 

§639. CaO+NH4Cl=HO+CaCl+NH,. 

§543. NH3+HCI=NH4C1. 

§546. KO+3HO+2P=KO,P03+PH». 

§553. 2S03+C4H*02=2(HO,S03)+C4H4. 

§577. 2C+KO,C02=3CO+K. 

§585. Na+NH4Cl+Hg=NaCH-NH4,Hg. 

§626. Sb+5Cl=SbCl.. 



6640 5^^*^"8*=^^°' 
'"*"•{ Red Lead=Pba04 



§680. 
The other elements not mentioned in the text are glucinam, 
cadmium, cerium, coltimbium or tantalum, didymium, erbi? 
um, iridium, lanthanum, molybdenum, niobium, norium, 
osmium, palladium, pelopium, rhodium, ruthenium, seleni. 
um, tellurium, terbium, thorium, titanium, tungsten or wol- 
framium, vanadium, ytriom, and zirconium. With the ex- 
ception of selenium and tellurium, which are analogpous in 
their properties to sulphur, they may be classed with the 
metals. They are of rare occurrence, and may be regarded 
M sustaining the same relation to the other elements as do 
the asteroids and satellites to the more important members 
of the solar system. 

§646. Zn+PbO,A=ZnO, A+Pb. 

§665. NaCl+AgO, NO.=NaO, N05+AgCl. 
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Nkutral, acid, and basic salts. — In general, salts con. 
taining an equivalent of base to an equivalent of acid are 
called neutral. The composition fixes the name, whether ex- 
actly neutral to the taste and in their action or vegetable 
colors, or not. Salts containing more acid in proportion 
are called super-salts or acid salts, and those containing 
more base, sub-salts or basic salts. 

There are two exceptions to the above rules. The first 
is that of certain classes of acids which have double and 
treble neutralizing power, and require, therefore, the first two 
atoms, and the latter three atoms of base, to make them 
neutral salts. Such acids are bibasic and tribasic, in contra- 
distinction from the mono-basic or ordinary salts. Phospho- 
ric acid is one of the latter class of tribasic acids, and the 
neutral phosphates have therefore three atoms of base and 
is called a tribasic phosphate. Phosphates containing more 
acid or base than their proportion, are acid or basic accord, 
ingly. 

The secpnd exception is that of salts or bases which con- 
tain more than one atom of oxygen to an atom of metal. 
In proportion as they contain more, they neutralize more acid. 
Alumina or oxide of aluminium, for example, contains three 
atoms of oxygen. Its neutral sulphate, therefore, is a salt 
containining-3 atoms of acid. A salt of aluminium containing 
more or less than their proportion, is acid or basic accord- 
ingly. 

DouBLK SALTS. — There are also double salts or compounds 
of salts with each other. They are generally of the same 
acid. Thus alum is a double sulphate of potassa and alu- 
mina and the bisulphate of potassa may be regared as a 
double sulphate of potassa and water. Such double salts 
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are not mere mixtures. They have their own crjetalline 
form, and each molecule of their crystals contains all the ele- 
ments of both salts. 

Binary theory of salts. — Sulphate of potassa, and 
other similar salts, are commonly regarded as ternary com* 
pounds. But many chemists are of the opinion that tbey 
are constituted afler the plan of the binary salts, and their 
acids on the plan of a hydrogen acid. They would write 
sulphuric acid, S04,H, instead of HO^SOs, thus indicating 
that the hydrated acid is composed of the radical, SO4, (a 
compound playing the part of an element,) with hydrogen. 
Sulphate of potassa would, according to this view, be writ- 
ten K,S04, instead of KO^SOs. The acid and salt are thus 
represented as analogous in constitution to a hydracid and 
a binary salt; thus, (S04)H corresponds with CIH, and 
K(S04) with KCl. The advantage of this view is that it 
makes but one great class of acids, and one of salts, associ- 
ating substances which are analogous in their properties. 
Hydrogen thus becomes characteristic of an acid. This view 
also simplifies the subject of the production of salts from 
acids, making it to consist simply in the replacement of the 
hydrogen of the acid by a metal. Thus in the action of sul- 
phuric acid (HO.SOs) on zinc, sulphate of zinc (ZnO^SOs) is 
formed by the simple replacement of the hydrogen of the 
acid by the metal zinc. As will be seen more clearly in 
the introduction to Organic Chemistry, it is no conclusive 
objection against the view, that the radical SO4 has not been 
isolated. There is the best reason for believing in the exist- 
ence of many 8uch4iypothetical radicals. A similar objection 
has indeed been urged against the ordinary view, according 
to which SOs neutralizes potassa in the sulphate of this base. 
The objection lies in the fact that anhydrous sulphuric acid 
is not possessed of acid properties, and can therefore be 
scarcely regarded as an acid, in its anhydrous condition. 
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^717. CaO. HO+KO, CO.=CaO, CO.+KOHO. 
§726. NH3+HO,Sp3=NH40, S0», 
§726. CaO, COa=Cba+Caa 
§ 727. CaO+HO=CaO, HO. 
§741. HCl+NaO=HO+NaCl. 
} §742. NaCl+AgO, N05=NaO, NO*+AgCl. 

§748. (CaCl+CaO,C10)+2CO«=2(CaO,COa)+2CL 
§750. 2CaO+2Cl=(CaCl+CaO, CIO). 
§761. 3C+3Cl+AhO»=3CO+AlaCU. 
§760. HO, S03+CaP=CaO,SO»+HP. 

§702. PbO, A+HS=HO, A+PbS. 

§ 769. NaO+SOs =NaO, SO. Vide § 400, 

§770. (CaO, S03+2HO)=2HO+CaO, S0». 

§772. 2HO+CuO, S0.=(Ca0,S0»+2H0). 

§774. HO, S03+NaCl=HCl+NaO, SO3. 

§776. Glauber's Salt=(NaO, SO3+I0HO). 

§777. Aluin=(KO, SOs+AlaOi, 3SO+24HO). 

§ 778. (KO, SO3 + Ala O3, 3SO3 + 24HO) = 24HO + 

(KO, S03+Ala03, 3S0»). 
c„g (OhiomeAli]m=(KO,S03+Crs03,3S03+24HO. 
^ • I Ammonia Alimi;=(NH40, S08+ AlaOt, 3S08+24HO). 

! Sulphate of Zinc= (ZnO, SO3+7HO). 
Sulphate of Copper=(CuO, SOa+SHO). 
Sulphate of Iron=(FeO, S03+7H0). 
§783. Nitrate of Potash (Nitre)=KO, NO*. 
§ 784. CaO, NO* +K0, COa =CaO, CO. +K0, NOi . 
§786. NH40,NOf=4HO+2NO. 
§787. S+KO, N07+3C=KS+N+8COa. 
§789. Nitrate of Silver (Lunar Caustic)=AgO, NO*. 
§ 790. Nitrate of Soda=NaO, N0». 
§792. KO,COa+CaO, N05=K0, NOs+CaO,CO.. 
§796. CaO,COa+NaS=CaS+NaO,COa. 
§ 797. Sesqui-carbonate of Ammonia^2NH 4O, 3C0j. 
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§804. CaO+COs=CaO, C0«. 
§ 809. (2NaO, HO, PO5 + 24H0) + 3(AgO, NO* =s 
2(NaO,NO«)+HO,NO« +24HO+8AgO,POf . 
§ 884. Biborate of Soda=(NaO, 2BO»+10HO). 
§ 828. Chromate of Lead (Chrome yellow) aPbO, CrOs . 
§M9. KO, COa + 2(PbO, CrO»)=KO, CrO»+COt + 
2PbO, CrO». 

§880. 

Commercial chrome preen is a mixture of Prussian blue 
and chrome yellow. 

§ 833. 3(K0, MnO»)+2S03=2(KO, SO»)+MnOs + 

KO, MbsOt. 
§ 845. 4NO5 +3Ag+ Au=3(Ag0, NO*) +NOi +Au. 
§ 846. 8NH«0 + CaO, NO* + AlaO», 3N0» = * 

3(NH40, N05)+CaO,N05+AUO.. 
§ 847. CuO, NOs + AgO, NO* + HCl = CuO, NO* + 

HO, NO*+AgCl. 
§877. Woody Fibre = CiaHioOio. 
§890. Kreosote=Ci4H80«. 
. (Benzole=CiaHfl. 
^®^^<Carbazotic Acid=CisH»N30i4. 
§894. Gun Cotton (Pyroxaline)=CiaHtOi, 4N0*.? 
§898. C]aHioOio+4HO='CisHi40i4. 
§900. Starch=CisHi40i4. 
§904. CiaHioOio+4HO=::CisHi40i4. 
§907, GrapeSugar=Ci9Hi40i4. 
§908. Cane Sugar=:CiaHiiOii. 
§913. (CiaHiaOia + 2HO) = 2HO + 2(04H4O«) + 

4COs. 
§914. Alcohol=C4H60a. 
§917. C4H4+2HO=C4H40«, 
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FvLMiNATss. — This name has been given to a class of 
highly explosive salts, obtained by the action of alcohol 
upon certain nitrates. The most important are the fulmi- 
nates of mercury and silver. Fulminating mercury is pre- 
pared by dissolving 1 part of mercury in 12 parts of nitric 
acid, sp. grav. 1.36, and subsequently adding 11 parts of 80 
per cent, alcohol. Upon warming the mixture a compli- 
cated reaction takes place, dense white vapors are given off, 
and the fulminate is thrown down as a crystalline powderl 
This is to be washed with cold water and afterwards dried 
at a moderate temperature. This salt explodes violently by. 
heat, friction, or percussion, and sometimes even without 
any apparent cause. It is largely employed in the manufac- 
ture of percussion caps, torpedoes, &;c., &;c. Fulminating 
silver detonates still more violently than the mercury salt. 
By friction with a hard body, it explodes even under water. 
It is prepared as above, using 10 parts of nitric acid and 
20 parts of alcohol. Too much caution cannot be observed 
in manipulating with these highly dang^erous compounds. 
They should be prepared only in quantities of a few grains. 
Fulminate of Silver— 2AgO, CyaOa. 

§927. Ether=C«H50. 

fAlcohol=C4HaOs or (C4H5O+HO). 
iH50+HO)+S03=HO, SOs+CiHsO. 
§929. C4H5l+Zn=ZnI+C4H5. 
§930. C4H60a+2S03 = 2(HO, SOO+C4H4. 
§931. C4H»Oa+20=2HO+C4H40a. 
§932. Aldehyde=C4H40a. 
§933. C4H4Oa+20=C4H404. 
§935. ChIoroform=CaHCl3. 
§938. Tannic Acid=Ci iH^O., 3H0=Qt, 3H0. 



«»^i"c:s 
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§945. 
§946. 
§947. 



§949. 



§941. Cyanogen=CiN=Cy. An arbitrary symbol. 
§ 942. PeCy, 2KCy +HgCla =FeCy, 2KCl+Hg+2Cy. 
§943. Cyanide of Potassiuin=KCaN=KCy. 
§944. Prussian Blue = Ci sNaFeT = FeiCfy*. 

Terrocyanogen=3Cy, Fe=Cfy. 

Ferrocyanide of Potassium = (3Cy, Fe+2K)= 
Cfy, 2K. 

2(3Cy, Fe + 2K) - K = (2(3Cy, Pe) + 3K) = 
2Cfy, 3K. 

KCy+HO, S08=K0, SOa+HCy. 

•Tartaric Acid=C8H40i q, 2H0=T, 2H0. 
Oxalic Acid=Ca03, H0=0, HO^ 
Citric Acid=CiaH«Oii, 3H0=:Ci, 3H0. 
Malic Acid=C.H40a, ?HO=M, 2Ha 
Formic Acid=CaH03, HO. 
.Lactic Acid=CoH«05, HO. 



§975. 

In the present state of our knowledge in respect to the 
protein bodies, we must abandon every formula designed to 
express their atomic constitution. They contain in a hundred 
parts: 55.16 carbon, 7.05 hydrogen, 21.81 oxygen, 16.96 
nitrogen, with ^ to 1 per cent, sulphur and phosphoms in an 
unknown form. 

'Morphine=C3«Hs oNO«. 

Strychnine=C4 4H2 3Ns08 or G44H34NsOt. 

Quinine=Cfl oHiaNOa. 

Theine and Cafreine=Ci qHi •N4O. 
§993. Indigo=Ci5H5NOa. 
§994. Alizarine=Cs«Hi oOit. 
§ 995. Hematoxyline."=C4 oHi 1O1 ». 
§1002. Fufe§994. 



§991. 
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§1008. (KO, SO3 + Cr«0», 3S0») + 3K0 = 4(K0, 
S0»)+Crs03. 

§1025. 

Modi op BfTiKA.Tiiro thb TAX.ini op ooaivoi JtCr^In 
estimating the money value of guano fer agricultural pur- 
poaeSy ammonia may be set down at 16 cents per pound, 
potash at 4 cents, and phosphoric acid at 1^ to 2 cents. As 
far as the latter exists in a soluble form, its value is doubled. 
Other substances are of so little comparative value that they 
need not be taken Into the account. These valuations are 
based, not alone on their relative value as fertilizers, but on 
the cost of the different substances when obtained from other 
sources. They are somewhat arbitrary, but may serve as a 
' means of approximate estimation of the value of guano and 
other fertilizers. 

As an average of the composition of thirteen samples of 
Peruvian guano, Prof. Way obtained the following results : 
ammonia, 17'^41 per cent.; phosphoric acid, 11*13; potash, 
3*50. This would seem to be considerably above the or;, 
dinary average. The pecuniary value of such an article^ 
according to the above valuation, would be 963.00 per ton, 
ol which •5^.60 would lie in the ammonia. No distinc- 
tion is made in the potential and actual ammonia of guano, 
because the conversion of the former into actual ammonia, 
takes place so rapidly in the soil. But the potential ammo- 
nia of most nitrogenous substances, as of clippings of hides 
and other similar refuse, is to be estimated at least ^5 per 
cent, lower, in view of their comparatively slow conversion. 

In all analyses of concentrated fertilizers excepting guano, 
in which the first distinction may be neglected, the amount 
of actual and potential ammonia, of soluble and insoluble 
phosphoric acid, and of potassa, should be separately stated. 
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The latter constituent is, bowever, of comparatiTely little 
importance. The fanner who purchases his artificial fer- 
tilizers without a skillful and well attested analysis, is at the 
mercy of the ignorant or unscrupulous dealer. 



§1046. Glycerine=C«H805. 

Stearic Acid=Cs8HssOs, 2H0=St, 2H0. 
^ Margaric Acid=sC9 4H9»03, HO. 
Oleic Acid=C3«H3 803, HO. 
Urea=C3NflH40a. 
I Uric Acid=Ci •N4H3O5+HO. 



§1047. 



§1061. 
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TABLE! 



HamMof 
Gold, . 
Silver, 
Iron, . 
Copper, 
Meroory, 



Tin, . . . 
Sulphur, 
Carbon, . 
Antimony, 
Bismuth, . 
Zine, . . 
Phosphorus, 
Arsenic, . 
Cobalt, . 
Hydrogen, 
Chlorine, 
Oxygen, . 
Manganese, 
Chromium, 
Potassium, 
Sodium, . 
Barium, . 
Strontium, 
Ckloium, . 
Boron, . 
Iodine, . . 
Silicon, . 
Bromine, . 
Aluminium, 
Kagnesium, 



or THB DBOOTSST 09 QMBXAOt SLDOirai. 

AHfeonorflMdlieoraT. IMss. 

Enowa to the ancients. 



Described by Basil Valentine, U90 

Described by Agricola, 1530 

. First noted by Paracelsus^ .... 16th century. 

. Brand, *. 1660 

[ Brant^ 1*788 

. Cayandish, 1*766 

. Scheele, 1'7'74 

. Priestly, 1'7'74 

. Gahn and Scheele, l^H 

. Yauquelin, 1797 



Sir Humphrey Dayy, 1807 



Courtois, 1811 

Berzelius, 1828 

Ballard, 1826 

Wohler, 1828 

Bussy, 1829 
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TABLE IL 



ATOMIC WEIGHTS.* 



Hydrogen— 1.00. 



Alamininm 


Al 


18.63 


Lead 


Pb 


108.57 


Antimony 


Sb 


129.00 


Lithium 


Li 


6.64 


Arsenio 


As 


76.0D 


Magnesium 


Mg 


12.00 


Barium 


Ba 


68.59 


Manganese 


Mn 


27.57 


Bismuth 


Bi 


208.00 


Mercury 


Hg 


100.05 


Boron 


B 


11.04 


Nickel 


Ni 


29.55 


Bromine 


Br 


79.97 


Nitrogen 


N 


14.00 


Calcium 


Ca 


20.00 


Oxygen 





8.00 


Carbon 


C 


6.00 


Phosphorus 


P 


81.86 


Chlorine 


CI 


85.46 


Platinum 


Pt 


98.94 


Chromium 


Cr 


26.78 


Potassium 


K 


89.11 


Cobalt 


Co 


29.49 


Silicon 


» 


14.81 


Copper 


Cu 


81.68 


Silver 


Ag 


107.97 


Fluorine 


Fl 


19.00 


Sodium 


Na 


28.00 


Gold 


Au 


196.67 


Strontium 


8r 


48.67 


Hydrogen 


H 


1.00 


Sulphur 


S 


16.00 


Iodine 


I 


126.88 


Tin 


Sv 


58.82 


Iron 


Fe 


28.00 


Zinc 


Zn 


82.58 



* These atomie weights are caleulated from the best and most pre- 
eise investigations; some of them have not yet been established )ty 
reeent experiment, but are calculated from others so determined. 

Fresenjl's. 
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TABLE m. 

SPKOXriO GRAVITY OF SOLIDS. 

Pnre water at 60° F— 1.000 



Platinum 20.98 

Gold, 19.26 

Mercury 13.60 

Lead 11.45 

Silver 10.60 

Bismuth 9.80 

Copper 8.87 

Cobalt 8.54 

Nickel 8.28 

Manganese 8.00 

Iron 7.80 



Tin ^.29 

Zinc T.OS 

Antimony 6.70 

Sulphur ....:. 1.98 

Chromuim 6.00 

Arsenic 6.80 

Iodine 4.95 

Aluminium 2.60 

Phosphorus 1.86 

Sodium 0.97 

Potassium ...... 0.86 



TABLE rV. 

BPKOIFIC GRAVITY OF LIQUIDS. 

Pure water at 60° F— 1.000 



Mercury 1S.596 i Ammonia 0.870 

Bromine ... 2.79 to 8.19 Turpentine 0.866 

Sulphuric Acid . . . . 1.800 Alcohol 0.800 

Nitric Acid .... 1.516 1 Ether 0.720 



TABLE V. 

SPECIFIC GRAVITY OF OASES. 

Dry air at 60° F— 1.000 



Chlorine 2.454 

Nitrous Oxide .... 1.525 
Carbonic Acid .... 1.525 

Fluorine 1.296 

Hydrochloric Ac. gas . . 1.261 



Oxygen L109 

Carbonic Oxide . . . 0.970 

Nitrogen 0.970- 

Hydrogen 0.069 

Ammoniacal gas . . . 0.589 
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TABLE VI. 

UMKAB EXPANSION OF SOUDS ON BEING HEATED FROM 82'' TO 212^ F. 



Zinc (cast) 


expand* ^ia 


Iron expands yjj 


Zinc (sheet) 


" siT 


Steel (tempered) " j\^ 


Lead 


" 3iT 


Steel (untempered) " j^f 


Silver 


" ih 


Platinum " tiVy 


Copper 


" jir 


Flint Glass " y^^j 


Gold 


" eh 


Black Marble " j^y 3 



TABLE VIL 

BFEOIFIO HEAT. 

Water—1.000 



Alcohol 


. . 0.660 


Phosphorus . . 

Iron 

Zinc 


. . . 0.187 

. . 0.113 

. . . 099 


Ether 


. 0.520 


Nitric Acid . . . 
Oil of Turpentine . . 
Sulphuric Acid . . 

Carbon 

Common Salt . . . 

Lime 

Sulphur .... 
Glass 


. . 0.442 

. 0.426 
. . 0.333 

. 0.241 
. . 0.225 

. 0.205 
. . 0.202 

. 0.197 


Arsenic . . . 

Tin 

Iodine: . . . . 
Silver .... 
Mercury . . . . 
Platinum . . . 
Gold . . . . . 


. . 0.081 
. . . 0.066 

. . a064 
. . . 0.060 

. . 0.083 
. . . 0.032 

. . 0.032 







TABLE VITI. 

MELTING POINTS OF SOLIDS. 



Cast Iron meltt at 3479° 


Potassium melt$ at 164° 


Cobalt « • 


' 2800° 


Wax 


" 142° 


Silver " ' 


* 2283° 


Spermaceti " 
Phosphorus " 


" 112° 


Gold " ' 


' 2016° 


" 108° 


LTr " : 


' 1996° 


Tallow 


92° 


612° 


Olive Oil 


86° 


Bismuth " ' 


497° 


Ice " 


32° 


Tin " ' 


442° 


Oil of Turpentine " 


" —14° 


Sulphur " * 


226° 


Mercury 


" —89° 


Newton's Alloy " ' 


208° 


Liquid Ammonia, " 
Ether 


" —40° 


Sodium " * 


194° 


" —47° 
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TABLE IX. 

BOILING POINTS OF LIQUIDS. 



Mercury 


both at 662° 


Nitric Acid 


boiUat 248^ 


Whale Oil 




* 680° 


Water 


it ti 212° 


Sulphuric Acid 




' 620<> 


Alcohol 


tt it i»^30 


Sulphur 




* 600® 


Bromine 


« it iigo 


Phosphorus 




' 651<> 


Ether 


it it 9go 


Oil of Turpentine 




" 812° 


Sulphurous Acid 


" " 140 



TABLE X. 
ooMPoainoN of human blood acookding to Lbcanu. 



Water 


'78.016 


Fibrin 


0.210 


Albumen 


6.509 


Blood-globules 


13.300 


Crystallizable fat 


0.243 


Oily fat 


0.181 


Salts of the alkilies 


0,88'7 


Salts of earths and oz. of iron 


0.210 


Other substances 


0.545 






100.000 



TABLE XL 

OOMPOSmON OF cow's MILK. 



Water 873.0 

Casein, and a little albumen 48.2 

Butter 80.0 

Sugar of milk 43.9 

Phosphate of lime with a little chloride of calcium .... 2.3 

Phosphate of iron and magnesia, and a little soda .... 0.9 

Chlorides of sodium and potassium 1.7 



1000.00 



APPENDIlt. 



461 



TABLE XXL 

RKLATIVE PROPOBTION8 OF THE SANGUI6ENOVS TO THE HE8PIRATOBT OONSTI- 
TUENT8 IN DIFFERENT KINDS OF FOOD. 







SanguigenouB. 


Respiratory. 


Cow's milk contains, for 


10 


^fw. J 8-8 ^at and 
^^ \ 10.4 milk sugar 


Human milk 


n 




10 


40 


Horse beans 


t€ 




10 


22 


Peas 


<c ■ 




10 


23 


Fat mutton 


« 




10 


27—11.26 fat 


Fat pork 


« 




10 


80—12.5 " 


Beef 


« 




10 


17— 7.08 " 


Veal 


« 




10 


1—0.41 " 


Wheat flour 


tt 




10 


46 


Oatmeal 


it 




10 


60 


Rye flour 


" 




10 


57 


Barley 


tt 




10 


67 


Potatoes (white) 


it 




10 


86 


Potatoes (blue) 


tt 




10 


116 


Rice 


tt 




10 


123 


Buckwheat 


*t 




10 


130 



Starch is the principal constituent of respiratory food in the sub- 
stances mentioned in the table. When sugar and fat take its place, the 
fact is separately indicated, while their equivalent in starch is given 
in the principal column for convenience of comparison. The above 
table is taken from Liebig's Letters on Chemistry. 



TABLE XIIL 

• PER CENT BY MEASURE OF ALOOHOL IN SPIRITOU8 LIQUORS AT 62** F. 



, . 

Rum 




contains 


72 to 77 


per cent 


Cognac 




(( 


60 " 64 


f« 


Whiskey 




tt 


69 


(( 


Geneva 




It 


60 


<( 


Port wine 


tt 


21 to 23 


tt 


Sherry 


tt 


it 


16 " 26 


tt 


Madeira 


tt 


tt 


18 " 22 


tt 


Malmsey 


tt 


tt 


16 


tt 


Claret 


tt 


tt 


9 to 16 


tt 


Burgundy 


tt 


tt 


7 " 18 


tt 


Rhenish 


tt 


tt 


8 " 18 


tt 


Moselle 


tt 


tt 


8 " 9 


tt 


Tokay 


tt 


tt 


9 


tt 


Champagne 




ft 


6 to 15 


tt 
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TABLE XIV. 

HOMOLOGOUS 8EBIES OF OBGANIO AGXD8. 



1. Formic . . 

2. Acetic . , 
8. Propionic 
4. Butyric . 

6. Valeric . 

6. Caproic . 

7. Enanthjlic 

8. Oapryiic . 

9. Pelargonic 

10. Capric . 

11. Margaritic 

12. Laurie . 
18. Cocinic . 
14. Myristic . 
16. Benic 



C2H2O4 
OiHiOi 
CiHsOi 
OsHsO* 
CioHicOi 

OI2H1204 

CuHhOi 
OisHicOi 
CisHisOi 
O20H20O1 
O22H22O4 

Ca4H2404 
CmH2604 

OasHjsOi 
CaoHsoOi 



16. Ethalic , 

17. Stearic . 

18. Bassic 
19. 

20. 

21. 

22. Bebenic 

23. 

24. 

26. 

26. 

27. Cerotic . 

28. 

29. 

80. Melissic 



0J2H38O4 
034HJ40« 

G3$H3tOi 



C44H44O4 

G54HS4O4 
CsoHglOi 



TABLE XV. 



ooMPosrrioN of the ashes of common crops. 





Indian 
Com. 


[ 
Wheat 


Wheat 
Straw. 


Rye. 


Oats. 


PoSi- 
toes. 


Tur- 
nips. 


Hay. 


Carbonie acid. 


trace. 










10-4 




• 


Sulpburic acid, 


0-5 


1-0 


1-0 


1-6 


10-6 


7-1 


13.6 


2-7 


Phospborio acid, 


49-2 


47-0 


31 


47-3 


43-8 


11-3 


7-6 


6-0 


Chlorine, . . 


0-3 


trace. 


0-6 




0-3 


2-7 


3-5 


2-6 


Lime, .... 


0-1 


2-9 


8-5 


2-9 


4-9 


1-8 


18-6 


22-9 


Magnesia, . . 


17-5 


16-9 


5-0 


10-1 


9-9 


5-4 


6-3 


5-7 


Potash, . . . 


23-2 


29-6 


7-2 


32-8 


• 27-2 


51-5 


420 


18-2 


Soda, .... 


3-8 


trace. 


0-3 


4-4 


trace. 


5-2 


2-3 


Silica, .... 


0-8 


1-3 


67-6 


0-2 


2-7 


8-6 


7-9 


37-9 


Iron, .... 


0.1 


trace. 


10 


0-8 


0-4 


0-6 


1-3 


n 


Charcoal in ash, ) 
and loss, . J 


4-6 


2-4 


6-7 




0-8 


0-7 








100-0 


100-0 


100-0 


100-0 


100-0 


100-0 


100-0 


100-0 


Lbs. of material } 












6000 


12500 


1000 


requir'd to yield • 


10000 


5000 


2000 


6000 


2500 


to 


to 


to 


100 lbs. of ashes. 








1 


13000 


20000! 200(^ 
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TABLE XVI. 

SOLUBILITY OF SUBSTANCES 





KC 


NaO 


NH4O 


BaO 


SrOlCaO 


MgO 


AlaOa 


MnO 


FeO 


NiO 










1 


1 


12 


2 


2 


2 


2 


2 


s 








1 


1 


12 


2 




2 


2 




CI 








1 


1 


1 


1 


1 


1 


1 


1 


I 








1 


1 


1 


1 




1 


1 




S03 








3 


3 


13 


1 


1 


1 


1 


1 


N05 








1 


1 


1 


1 


1 


1 


1 


1 


P05 








2 


2 


2 


2 




2 


2 


2 


COa 








2 


2 


2 


2 




2 


2 


2 


CqOs 








2 


2 


2 


2 


2 


2 


1 2 




603 








2 


2 


2 


2 


2 


2 


2 


2 


A 








1 


1 


1 


1 


1 


1 


1 


1 


T 








2 


2 


2 


12 


1 


i2 


12 




AsOa 








2 


2 


2 


2 


2 2,2 

i 


2 


AsOs 








2 


2 


2 




2 


2 


CrOs 








2 


2 


2 


1 


2 1 




2 



EXPLANATION OF THE TABLE. 
To ascertain the solubility or insolubility of a salt from 
the above table, its acid is sought in the left hand column, 
and its base in the upper line. The square, which is in line 
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TABLE XVI.— (CoNTiNOED.) 
IK WATKR AND ACIDA 



z.o 


'PhO 


; SnO 


;Sna 


rmOajCuaHg^OIHoC 


rAgO PfQi .SliCta 


! -i 2 


2 


2 3 


2 


2 


2 


•2 


2 




2 


s :. . 






2 




3 


3 




1 

1 


2 


CI ii 


1 9 
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wiilj both, contains the desired information. The numeral 
1 indicates solubility in water ; 2, solubility in either nitric 
or hydrochloric acid, and 3, insolubility in either. The 
smaller numerals indicate a low degree of solubility. 
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Marsh's Test for, 181. 
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Assay of Gold, 269. 
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Atomic Weights, Table of, App. 
Atoms and Attraction, 1 1. 
Attraction, Chemical, 12. 
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Height measured by, 88. 
Bones, 415. 
Boracic Acid, 197. 
Borates, 323. 
Boron, 197. 



Bread, Raising of, 398. 
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Cold, Definition of, 27. i 

Extreme, how measared, 59. 
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Water, Lightness of, 55. 
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115. 
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Earth, Cooling of the, 48. 
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Electric Light, 111. 
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Conduction of, 108. 
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Theory of, 102. 
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Number of, 11. 
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Empyreumatic Oils, 882. 
Enamel, 822. 
Engine, The Steam, 91. 
Equivalents, Chemical, 184 

Table of, App. 
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Essentials Oils, 879. 
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Fracture of Glass Vessels by, 
58. 
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468 



INA£X. 



Fats, Composition of, 4ia 

Separation of, in Oil, 418. 

Tallow and 
Lard, 420. 
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Illuminating, 228-349. 
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Gilding, 270. 
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Crystal, 321. 
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Staining, 294. 
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Glycerine, 419. 
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Gunpowder, 311. 
Gutta Percha, 888. 
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Effect of different, 47. 
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Refraction of, 45. 
Relation of, to Density, 49. 
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Theories of, 25. 
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Phosphuretted, 219. 
Sulphuretted, 214. 
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Ice in the Tropics, 43. 
Ignition by Lime, 291. 
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tact, 101. 
Ink, Writing, 373. 
Intensity of Electricity, Meaning 
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Iron, 240. 

Combustion of, in Oxygen,143. 
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Lamp Black, Preparation of, 187. 
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96. 
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Ray, Definition of, 17. 

Reflection of, 18. 

Refraction of, 20. 

Theories of, 15. 
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Sulphate of, 305. 
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Liquefaction, 61. 
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Logwood, 397. 
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Needle, 99. 

Telegraph, 124. 
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other, 100. 

Native, 99. 
Magnetism, Electrical Theory of,^ 
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Induced, 100. 
Mahomet's CofiSn, 119. 
Manganates, 826. 
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Marble, Artificial, 817. 
Marsh's Test for Arsenic, 181. 
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MatohM, FriotioD, 178. 
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Quantity of, the Air can Sus- 
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106. 
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Moisture, Deposition of, 10. 
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Multiple Pi^>portions, Laws of, 134. 
Muriatic Acid, 210. 

Effect of, on Wood, 854. 
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Nickel, 246. 
Nitrate of Silver, 812. 
Nitrates, 809. 
Nitre, 810. 
Nitric Acid, 178. 

Effects of, on Wood, 862. 
Nitrogen, 169. 
Nutrition, Vegetable, 846. 



Oil of Vitriol, Manufacture of, 168. 
Oils, Empyreumatic, 382. 

Essential, 879. 

from Coal, 865. 
Olefiant Gas, Conversion of Alco- 
hol into, 369. 
Organic Acids, 872. 

Analysis, 429. 

Bases, 395. 

Chemistry, General Views oi, 
336. 
Oxalic Acid, 878. 
Oxides, 286 



Oxides, Formation of, 186. 

Names of, 136. 

reduced by Carbonic Oxide, 
195. 

Uses of, 298. 
Oxygen, 141. 

a Purveyor for Plants, 147. 

Bleaching by, 147. 

Compounds of, with Chlorine, 
166. 
Oxhydrogen Blowpipe, 229. 
Ozone, 148. 
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Peat, 360. 
Petroleum, 886. 
Phosphates, 317. 
Phosphorescence, 177, 
Phosphorus, 176. 

Combustion of, by Nitric Acid, 
176. 

Combustion of, in Oxygen, 144. 
Phosphuretted Hydrogen, 219. 
Photographs, 329. 
Plante, Constituents of, 348. 

Relation of, to the Soil, 402. 
Plaster, Aluminated, 806. 

of Paris, 806. 
Platinum, 271. 
Porcelain Painting, 328. 
Potassa, 287. 

Carbonate of, 314. 

Nitrate of, 310. 
Potassium, 233. 

Cyanide of, 376. 
Precipitation, 207-275. 
Pressure, Actual, in different En- 
gines, 90. 

of the Atmosphere, 79. 

The Exact Relation of Temper- 
ature to, 88. 
Printing, Anastatic, 331. 

Calico, 400. 
Prism, construction of, 21. v 

Effect of, on Rays, 21. 
Prussic Acid, 377. 
Putrefaction, 390. 
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Quantity of Electricity, Meaning 
of, 116. 



Radiation of Heat, 39. 

Color not effected by, 40. 

Polish unfavorable to, 40. 

Proportion of, to Temperature, 
89. 
Radicals, Compound, 840. 
Rays, Heat and Chemical, 45. 
Refraction of Heat, 46. 
Light, 20. 
Refrigerators, Construction of, 84. 
Resins, 888. 

Gum, 887. 
Respiration, 424. 
Roots, Office of the, 847. 
Rosin Oil, 886. 

Soap, 886. 

S. 

Safety Lamp, Davy's, 222. 
Sal- Ammoniac, 218. 

Volatile, 815. 
Salt, Common, 296. 

Decomposition of a, by Gal- 
vanism, 117. 

Glauber's,. 806. 
Saltpetre, 810. 
Salts, 274. 

Formation of, 186. 

Karnes of, 185. 
Sealing Wax, 886. 
Shot, Manufacture of, 259. 
Silicates, 819. 
Silicon, 196. 
Silver, 262. 

Assay, 265. 

Nitrate of, 312. 

obtained from Lead, 268. 
Silvering, Galvanic, 107. 
Sizing for Paper, 875. 
Skin, Tendons and Ligiments, 416. 



Soaps, 420. 

Properties of, 421. 
Soda, Carbonate of, 814» 

Sulphate of, 806. 
Sodium, 235. 

Chloride of, 296. 
Soils, 402. 
Soldering, 824. 
Soluble Glass, 8^0. 
Solution, 206-274. 

Effect of, on Chemical Affinity, 
188. 
Spirituous Liquors, 866. 
Stalactites, 317. 
Stalagmites, 817. . 
Starch, 367. 
Starvation,- 426. 
Steam Boilers, 86. 

Elastic Force of, 87. 

Engine, 91. 

Guages, 90. 

Heating Houses by, 95. 

Safety Valve, 91. 

Water Heated by, 95. 
Stearic Acid. 419. 
Steel, 243. 

Permanent Magnetism of, 128. 

Tempering, 244. 
Strontium, 237. 
Substitution, Equivalent, 889. 
Substitutions, 348. 
Sugar, Boiling in Vacuo, 86. 

Cane, 860. 

Grape, 359. 

from Starch, 868. 
Wood, 856. 

Manufacturing, Use of Sul- 
phurous Acid 
in, 159. 
Sulphates, 305. 
Sulphur, 159. 

Liver of, 308. 

Milk of, 804. 
Sulphurets, 302. 
Sulphuretted Hydrogen, 214. 
Sulphuric Acid, 162. 

Effect of, on Wood, 862. 
Sulphurous Acid, 167. 
Superphosphate of lime, 318-411. 
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Symbob, Caloiii*tion of W«i|^ts 
from, 188. 
EzpUimtioii of, 182. 

T. 

Tftnnic Acid, 878. 
Tftnning, Hides, 418. 
Tar, Wood. 868. 
Tartar, 867. 

Tea Kettle, Singing of the, 86. 
Temperatare and Food, BelationB 
of, 426. 

Eqoilibrium of, 42. 

The exact Relation of Pres- 
sure to, 88. 
Thermometers, Graduation of, 58. 

Manufacture of, 67. 

The Air, 60, 
Tin, 24a 

Tissues, Repair of the, 428. 
Types, Chemical, 889. 

T. 

Vaporization, 66. 

Vapor, Ga^oity of the Air for, 76. 
Quantity of, in the Atmos- 
phere, 69. 
Quantity of water the Air 

may contain as, 69. 
Relations of Air and, 69. 
Vapors, Conrersion of Liquids in- 
to, 95. 
Density of, 66. 

depends on Tem- 
perature, 67. 
Elasticity of, 66. 
Formation of, 66. 
Transparent, 66. 
Varnishes, 384. 
V^etable Chemistry, 345. 
Vinegar, Conversion of Alcohol 
into, 370. 
Process of Manufactttre, 871. 
Wood, 868. 



Voltaic Pile, 118. 
Vulcanized Rubber, 887. 



Water, Action of, on Lead, 267. 
Affinity of Potassa for, 288. 
Capacity of Air for, increased 

by Heat. 70. 
Chemical Combinations of, 

203. 
Decomposition of, by Electri- 
city, 106-116. 
Hammer, 85. 
heated by Steam, 95. 
Proof of the Composition of, 

203-204. 
Quantity of, the Air may con- 

" tain as Vapor, 69. 
Quantity of, the Pressure of 
the Air will Sustain, 
79. 
Sea, 297. 

Theory of the Decomposition 
of, 105. 
Welding Iron, 248. 
White Rotten Wood, 351. 
Window Glass, 320. 
Wines, 366. 
Wood, 349. 

Charred by Sulphuric Acid, 

167. 
Conversion into Gum, 357. 
Sugar, 866, 



Teast, 391. 

Powders, 398. 
Yellow, Chrome, 326-400. 



Z. 



Zinc, 246. 



APPARATUS AND MATERIALS. 4rT8 



LIST OF CHEMICALS AND APPARATUS REaUIRED FOR THE EZ» 
PERIMENTB DESCRIBED IN THIS WORK. 

1 lb. Black Oxide of Manganese 
J " Bleaching Powders. 

J " Chlorate of Potassa. 

J ♦* Alum. 

4 " Sulphur. 

4 '* Common Caustic Potash, in Sticks. 

4 " Acetate of Lead, (Sugar of Lead.) 

J " Sulphate of Copper, (Blue Vitriol.) 

J '* Carbonate of Ammonia, (Sal Volatile.) 

2 oz. Bichromate of Potash. 
2 <* Bone Black. 

2 " Sulphuret of Iron. 

2 " Nitrate of Potash, (Salt Petre.) 

1 " Chloride of Ammonium, (Sal Ammoniac.) 

1 *• Yellow Prussiate of Potash. 

1 " Cyanide of Potassium. 

I " Oxalic Acid. 

1 '* Ground Nut Galls. 

1 ** Phosphorus. 

1 " Fluor Spar. 

1 «' Borax. 

1 " Chloiide of Barium. 

1 ** Chloride of Strontium. 

1 «* Chloride of Mercury, (Corrosive Sublimate.) 

1 *• Beeswax. 

1 ** Metallic Antimony 

1 " Block Tin. 

1 " Bismuth. 

2 " Mercury, (Quicksilver.) 

1 " Arsenious Acid, (Ratsbane.) 
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^ oz. Tartar Emetic. 

^ ** Iodide of Potassium. 

J " Iodine. 

J " Potassium. 

i ** Solution of Chloride of Plttinum. 

1 Glass, (4 oz.) Spirit Lamp. 

Fine platinum foil and wire. 

1 doz. assorted test-tubes. 

I sheet blue Litmus Paper. 

I " red Litmus Paper. 

Pine Iron Wire. 

* Sheet Zinc. 

* Sheet Copper. 

♦ Sulphuric Acid, (Oil of Vitriol.) 

♦ Hydrochloric Acid, (Muriatic Acid.) 

• Nitric Acid, {aqua fartis,) 

• Alcohol. 

• Ether 

* Clay Pipes and Vials. 

♦ Bowls, Tumblers, &c. 

* Not contuned in the box of apparatus and materials put up to 
aooompany this work. 
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